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ABSTRACT 
 
The chapter introduces the context in which the present PhD study was 
conducted. It starts by presenting the aetiology of dental caries and some 
results of caries epidemiological surveys in primary dentitions. These results 
show that the majority of cavitated dentine carious lesions remain untreated. 
This reflects a lack of access to oral healthcare worldwide and introduces a 
discussion on how dental caries should be managed actually. The philosophy 
behind keeping healthy teeth healthy relies on the application of non-operative 
treatments and minimally invasive operative interventions. These concepts were 
the basis of the so called ‘Paranoá Study’, in which three protocols for 
managing cavitated dentine carious lesions in primary molars were compared. 
The Paranoá Study is explained and reasons for conducting the various studies 
that make up this PhD thesis are presented.  
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1.1 Dental caries: aetiology 
 
Dental caries is the most prevalent chronic disease worldwide, affecting about 
60-90% of schoolchildren and a large proportion of the adult population. The 
disease can occur throughout life and it is responsible, together with periodontal 
diseases, for the largest share of the burden of oral diseases globally (1).  
As argued by Keyes (2) and Newbrun (3), the aetiology of dental caries is 
complex. It involves the interaction of a number of primary factors, of which the 
presence of cariogenic biofilm, developed through fermentation of 
carbohydrates, particularly free sugars, by certain micro-organisms, is the major 
one. Selwitz et al (4) have updated the interplay of aetiological factors in the 
development of carious lesions and have distinguished personal and 
environmental factors (Fig. 1.1). 
 
 
 
Figure 1.1. Illustration of factors involved in caries development. Adapted from Selwitz et al (4). 
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In addition to primary aetiological factors, environmental factors are 
considered to promote carious lesion progression and its severity, but are not 
essential to the onset of the disease. Environmental factors include salivary flow 
(quantity and quality), fluoride exposure, oral hygiene practice and dietary 
intake (4-6). Personal factors are very important in the development and 
progression of carious lesions, the socio-economic status of the individual being 
one of the most influential factors.  
Dental caries can affect both the crown and the root of a tooth. It occurs 
through the loss of minerals as a result of a prolonged pH value in the biofilm 
that is below the critical value required for the dissolution of mineral tissues (4). 
Newbrun et al (7) state that this process is not irreversible, because dental 
carious lesion development consists of cyclical events that arise from the 
imbalance between the demineralisation and remineralisation process, in which 
the first predominates over the second. When the dynamic balance of gain and 
loss of tooth mineral content is equalised, a physiological process exists in 
which the disease manifests itself only sub-clinically. However, if the disruption 
of this homeostasis is intense and lasts over an extended period, it leads to a 
predominance of demineralisation, which in turn leads to an imbalance in which 
the mineral loss structurally modifies dental tissues. This is the moment in which 
there is clinical evidence of the disease, thereby introducing a non-physiological 
character of tooth cavity (8, 9). The first signs of the disease occur as white 
spots in the enamel surface, which are asymptomatic, while the progression of 
the disease may affect the dentine, whether cavitated or not, and may even 
lead to pulp involvement (10, 11). 
 
1.2 Dental caries in the primary dentition: epidemiology  
 
Caries epidemiological surveys are very often performed using the World Health 
Organization (WHO) assessment criterion. Its prevalence is calculated by 
adding up the number of decayed (D), missing M) and filled (F) teeth in the 
mouth of a group of people under study. A DMFT/dmft count of more than 1 
identifies the person as being diseased with dental caries (12). The worldwide 
use of mean DMFT/dmft scores legitimates it as a universally accepted index 
that allows global comparisons (13). 
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 Children are extensively affected by dental caries and, consequently, it is 
considered a major dental public health problem in both developed and 
developing countries. Despite all treatment efforts and the technical 
advancement of dentistry over the last decades, dental caries prevalence is 
increasing, especially in developing countries, because of lifestyle changes, 
absence of oral health preventive services and inadequate access to oral 
healthcare. 
Examples of countries that have reported a high prevalence of dental 
caries in the primary dentition are: Saudi Arabia (77.8% among 6- and 9-year-
olds) (14) and India (48.1% of 5-year-olds) (15). Looking at the various 
components of the dmf-index, the Brazil-2010 national oral health survey 
showed that approximately 54% and 57% of 5- and 12-year-old children 
respectively presented untreated carious lesions (16). This unwanted situation 
is not restricted to Brazil or other middle-income countries, but also occurs in 
high-income countries (17, 18). In Germany, caries prevalence in primary teeth 
of 5- and 8-year-old children was 26.2% and 48.8% respectively (19) and in the 
United States, between 2011 and 2012, children aged between 6- and 8 
presented a prevalence of dental caries in primary dentition of 56%, of which 
20% were untreated (20).  
Considering the extent of cavitated dentine carious lesions in 
populations, it is well known that its prevalence in primary dentition is high. In 
the United Kingdom, in 2003, it was reported that 40% of 5-year-olds 
experienced dentine carious lesions in their teeth (21). Despite this high 
prevalence, these children received hardly any treatment. On average, 72% and 
95% of cavitated dentine carious lesions in primary teeth remained untreated in 
high- and low-income countries respectively (22). These results are in 
agreement with the results reported in SB Brazil, where about 80% of primary 
teeth with a dentine cavity were not treated (16). This situation has led to a 
staggering number of untreated cavitated dentine lesions in primary teeth 
worldwide. Between 1990 and 2010, about 621 million children under 14 years 
of age had untreated carious lesions in primary teeth (17). This places 
untreated dentine carious lesions in primary dentition at number ten on the list 
of most prevalent medical diseases and pathological conditions in the world 
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(23). Furthermore, Marcenes’ study (23) showed that for every 100 people, 15 
new cases of dentine carious cavities in primary teeth will develop annually. 
Untreated cavitated dentine carious lesions in primary dentition have 
been linked to negative impacts on children’s general health. Carious lesions 
appear to affect children’s cognitive development, school performance and 
quality of life. Preventing these lesions from occurring should, therefore, be 
considered a priority in public health promotion policies (24-26). In order to 
show the severity of untreated pulp-affected teeth, the PUFA index (Pulpal 
involvement, Ulceration, Fistulae, Abscess) was developed (27). Together with 
the DMFT/dmft counts, PUFA provides data not only about the presence of 
cavitated dentine carious lesions but also about the consequences of oral 
health neglect. Recently, the need for using two indices has been eliminated 
with the launching of the Caries Assessment Spectrum and Treatment (CAST) 
instrument (28). The CAST instrument is more comprehensive than and 
contains all the necessary components of the PUFA index and WHO Criterion. 
 
1.3 Non-operative management of dental caries  
 
Dental caries is in essence a preventable disease. If daily sugar consumption is 
low and application of oral hygiene measures is high, the natural de-
remineralisation cycles are not disturbed and mineral loss is controlled. The 
presence of bioavailable fluoride maintains these cycles. Among these healthy 
teeth-maintaining methods, sugar consumption is likely to be the most powerful 
indicator for carious lesion development, as the disease occurs even in people 
who are regularly exposed to fluorides (29). Dietary recommendations for 
minimising caries risk are directed to the frequency of eating naturally occurring 
and added sugars, the form of the sugar-containing food and the duration of 
exposure to the available substrate (6).  
The other method of keeping teeth healthy relies on daily and adequate 
disturbance of biofilm through the combination of toothbrush use and fluoride-
containing toothpaste. This evidence-based method of maintaining healthy teeth 
has become the major cornerstone in managing carious lesions for communities 
worldwide (30).  
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Fluoride use in dentistry has been debated for more than 50 years. It is a 
key component in caries prevention and oral health promotion. Its action 
reduces the critical pH (the pH that triggers the demineralisation process) by 
1.0-unit point, from 4.5 to 5.5, making the tooth surface more resistant to being 
dissolved by acids present in the cariogenic biofilm (31, 32). Fluoride in 
toothpaste is effective in caries prevention and, being a self-administered 
method, is very well accepted by the public (33, 34). Professionally applied 
fluoride gels (35) and fluoride varnishes (36, 37) show evidence of inhibiting the 
caries process. Additionally, there is evidence that water fluoridation and mouth 
rinses retard carious lesion progression (38, 39). Thus, the benefit of topical 
fluorides is well established for primary and permanent teeth and highlights its 
importance in keeping healthy teeth healthy (40).  
Other non-operative measures that have been marketed for keeping 
healthy teeth healthy include the use of Ozone therapy (41) and the application 
of Casein Phospho Peptides-Amorph Calcium Phosphate (CPP-ACP) (42), and 
chlorhexidine containing agents (43). However, there is no or weak evidence 
that any of these measures are effective in controlling carious lesion 
development.  
Micro-invasive approaches have been documented as preventing the 
development and progression of occlusal and proximal carious lesions. 
Application of a sealant has been shown to be effective in preventing both 
conditions. Used in erupted molars and premolars in high-caries-risk children 
and teeth, resin- and glass-ionomer-based sealants have a preventive and also 
an arresting effect on non-cavitated enamel carious lesions (37, 44, 45). In turn, 
treating proximal lesions with sealants or resin infiltration has been shown to be 
significantly more effective than professionally applied fluoride varnish and 
flossing (46).  
All these evidence-based measures are contained in the “Minimal 
Intervention Dentistry” (MID) concept of managing dental caries. MID also 
constitutes a way of re-thinking dentistry, privileging the vitality and functionality 
of a tooth over time, rather than the use of operative actions, which has failed, 
as seen by the widespread availability of the cycle of re-restoring teeth (47). An 
example of MID is the Nexo project in Denmark, in which a special non-
operative caries treatment programme has been applied for children and 
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adolescents since 1987. The programme was based on three principles: (i) 
education of parents, children and adolescents about dental caries; (ii) intensive 
training for self-plaque control; and (iii) early professional care with non-
operative interventions such as fluoride and sealant applications. Over time, 
Nexo became the municipality with the lowest DMFS count (1.23) in 15-year-
olds in Denmark (48).  
Despite the availability of non-operative measures for keeping healthy 
teeth healthy, the reality is different. As mentioned earlier, many cavitated 
dentine carious lesions are untreated. This indicates that a very large 
percentage of children worldwide have no access to oral healthcare services 
that could provide them with appropriate care. It reveals the failure of both 
preventive care and the conventional restorative approaches to manage dental 
caries and leads to the question: which treatment protocol is the most 
appropriate considering cultural and socio-economic conditions? An attempt is 
made to answer this question in the following section. 
 
1.4 Dentine carious lesion management in primary dentition 
 
The fact that so many cavitated dentine carious lesions in primary teeth are 
untreated calls into questions the suitability of restoration as a treatment for 
managing these lesions at all times.  
Restoring cavitated dentine lesions has been applied for a long time as a 
restoration replaces lost dental tissue. In the primary dentition, a restoration 
maintains a sufficient dental arch space for securing the eruption of permanent 
teeth. Not too long ago, a systematic review of the availability of the best 
restorative material for the management of cavitated dentine carious lesions in 
primary teeth was published (49). Only three trials passed the inclusion criteria. 
These were: aesthetic crowns versus non-aesthetic crowns (50); resin-modified 
glass-ionomer versus amalgam restorations (51) and compomers versus 
amalgam restorations (52). The review concluded that there was no preference 
for a particular material for restoring cavitated dentine carious lesions. This 
conclusion was unexpected as amalgam in the past and resin-composite in 
recent years were the materials considered to restore these lesions best. 
However, evidence for this proved to be absent.  
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In Brazil, cavitated dentine carious lesions are usually treated using 
rotary instruments and restored with either amalgam or resin-composite, and of 
late with high-viscosity glass-ionomers as part of the Atraumatic Restorative 
Treatment (ART) approach. Stainless steel crowns are uncommonly used in the 
oral healthcare services in Brazil. Conventional treatment with amalgam is still 
widely used in the public health system in some areas of Brazil and in private 
practice throughout the country (53, 54). This treatment method is more 
invasive than ART and more often needs to use local anaesthesia. Its use 
requires electrically driven equipment, which does not make it the first choice for 
use in outreach situations. The Minamata Convention on Mercury will ban the 
use of amalgam in the future. However, it is still used extensively of necessity 
until improved materials for restoring cavitated dentine carious lesions have 
been developed and tested (55).  
 
1.4.1 Restorative materials 
 
Restorative materials include resin- and glass-ionomer-based materials. Resin-
composites have become an aesthetic alternative to amalgam. They share few 
of the limitations of amalgam (56), but leak toxic components from monomers 
(57) and show sensitivity to moisture, which means that special precautions are 
required when they are handled in the ‘wet’ mouth. 
Glass-ionomers gained interest as a restorative for use in stress-bearing 
surfaces after the introduction of ART in the healthcare services two decades 
ago. ART can be applied in many locations in low- and middle-income countries 
as electricity is not required (58). In 1999, Frencken and Holmgren (59) defined 
ART as a preventive and minimally invasive intervention approach that slows 
the progression of carious lesions through the removal of unsupported enamel 
and necrotic dentine with the use of hand instruments, followed by restoration of 
the cavity with an adhesive material. This material is usually a high-viscosity 
glass-ionomer cement (HVGIC), which also seals the adjacent pits and fissures. 
Clinical trials on ART have demonstrated its effectiveness: (i) in restoring single-
surface cavities in primary and permanent teeth; (ii) in preventing carious lesion 
development in pits and fissures by sealing these; and (iii) in minimising pain, 
discomfort and anxiety during treatment. Thus, this method is currently in use in 
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many countries, both developed and less-developed (60, 61), and acts as a 
catalyst for a new way of thinking about oral healthcare (58). 
 
1.4.2 Reasons for placing a restoration 
 
The main reason for restoring a tooth with a cavitated dentine lesion, from a 
cariological and preventive dentistry point of view, is to facilitate biofilm removal 
from restored surfaces by sealing the cavity. A restoration is also needed for 
pain relief and for returning functionality and aesthetic (58). However, the 
viability of restoring all primary teeth has been questioned as the cost of the 
treatment restricts its application for a great part of the population and also 
because access to public oral health programmes is limited (62).  
It has been argued that the most important treatment for preventing the 
development of a carious lesion and/or for stopping an existing cavitated lesion 
from further deteriorating is biofilm control (63). The question arises: If biofilm 
control is essential, could control from within cavitated dentine lesions stop 
these lesions from further progression? This idea is not new: GV Black, in 1908, 
recommended that cavities should be opened for removal of the "plaque" from 
open cavities on buccal surfaces (64). Thus, the suggestion that cavities be 
kept free of biofilm through cleaning of the teeth has been considered a subject 
of scientific research. 
 
1.4.3 Alternative treatment other than restoration 
 
Alternative treatments that have no need for invasive intervention are described 
below. 
Cavity cleaning with brush and paste. In the 1990s, cavitated dentine carious 
lesions in anterior primary teeth (65) and in anterior permanent teeth (66) 
reported arrestment of these cavitated lesions after long-term regular biofilm 
removal from open cavities. However, this approach had not been tested in 
posterior primary teeth as part of an oral healthcare protocol. Such a protocol 
was developed and named Ultra-Conservative Treatment (UCT). As part of this 
protocol, small dentine cavities in primary teeth are restored with ART, as the 
biofilm cannot be removed sufficiently from within the cavity through 
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toothbrushing, and as ART restorations in small cavities do perform very well. 
Medium- and large-sized cavities are cleaned daily through toothbrushing with 
fluoride toothpaste and the opening is enlarged for easy access if needed. To 
investigate the effectiveness of UCT, a clinical trial was started in Paranoá, 
Brasilia by the University of Brasilia (UNB) in partnership with Radboud 
University Medical Centre in Nijmegen. 
Silver Diamine Fluoride (SDF). This product is a combination of silver nitrate 
and sodium fluoride (Ag(NH3)2F). Its use has shown efficacy in arresting the 
progression of cavitated dentine carious lesions (67), but not for preventing 
enamel carious lesions (57, 58). Annual and semi-annual application of 38% 
SDF in cavitated primary teeth (anterior and posterior) is effective in arresting 
carious lesions, bringing evidence of its usefulness until tooth restoration or 
exfoliation. The main disadvantages are that the lesions stain black, taste 
metallic and may displease children and parents. It is also still a recent method 
that requires further investigation (68, 69).  
Hall Technique (HT). This technique consists of the placement of a pre-formed 
metal crown over a cavitated dentine carious lesion, without the use of local 
anaesthesia, removal of carious tissue or preparation of the tooth (70). 
Compared to fillings, this technique reduces the discomfort during the treatment 
and is likely to reduce the risk of major failure and pain over time. Despite these 
advantages, evidence of its effectiveness is still not extensive and its availability 
is not widespread, which limits its application (71).  
 
1.5 Paranoá Study 
 
1.5.1 Description of the trial 
 
The clinical trial took place in Paranoá, which is a suburban area located 25 km 
from the centre of Brasilia. In 2011, its population was estimated to be 46,527, 
of which 23% was younger than 14 years old. In the same year, the average 
household income was U$465 and the per capita income was U$116. Of all 
households, 99.7% were connected to the central water supply system, which 
was fluoridated (0.7 ppm) (72).  
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The trial started with an oral health epidemiological study in 
schoolchildren aged 6 and 7 from all six public schools of Paranoá (73). The 
collected caries data were used to design the trial. One of the study variables 
was cavity size. The sizes of the cavitated dentine carious lesions were 
determined for occlusal and proximal surfaces as small, medium and large. The 
midline of the tooth was taken as the reference for determining the sizes of 
proximal cavities. To determine the sizes of cavities in the occlusal surface, the 
entire surface was considered the reference, while only half of the surface was 
used in determining the sizes of the proximal surface cavities (Fig. 1.2). Cavities 
were considered small where less than one-third of the surface reference was 
affected. To determine a cavity as medium, it had to extend to between one-
third and two-thirds of the surface reference. To determine a cavity as large, 
more than two-thirds of the surface reference had to be affected. This 
classification was based on a pilot study (74). 
The aim of the trial was to test ART and UCT protocols as alternatives to 
the Conventional Restorative Treatment (CRT) protocol as these protocols were 
thought to increase access to oral healthcare in underserved areas such as 
Paranoá. The study inclusion criteria were: children needed to have a good 
general health and to have at least two cavitated dentine carious lesions in at 
least two primary teeth, without pulp involvement. Three operators implemented 
the following treatment protocols between May and July of 2009. 
 
 
Figure 1.2. Diagram illustrating cavity size determination involving the proximal surface. The 
half size of the occlusal surface (marked by the red line) was considered the surface reference. 
In A, the tooth cavity was classified as small. In B, the tooth cavity was classified as large. 
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A) Conventional Restorative Treatment (CRT): Carious tissue was 
removed with rotatory instruments and the cleaned cavity restored with 
amalgam (Kit Allows Regular®, SDI, Melbourne, Australia). This treatment is 
common practice in most public oral health centres in Brazil. 
B) Atraumatic Restorative Treatment (ART): Carious tissue was removed 
with hand instruments (ART Kit®; Henry Schein, Chicago, USA) and the 
cleaned cavity was restored with a HVGIC (Ketac Molar Easymix®, 3M ESPE, 
Seefeld, Germany). 
 C) Ultra-Conservative Treatment (UCT): Small cavitated dentine carious 
lesions were treated according to the ART protocol. Medium cavitated dentine 
carious lesions were not restored, but extended, if necessary, with a hatchet 
(ART Kit®) to facilitate biofilm removal with a toothbrush and fluoride toothpaste 
(1100 ppm). Large cavitated dentine carious lesions were not restored but 
cleaned as described for medium-sized cavities. 
Throughout the study period, an assistant supervised the toothbrushing 
during the school days daily, about 200 days a year. She checked whether 
toothbrushing was performed and whether open proximal cavities were cleaned. 
As the assistant was trained in detecting biofilm, she demonstrated brushing 
again where a child showed inefficient biofilm removal. Children were advised to 
clean their teeth during the holidays and during periods of school recess. Trial 
children were monitored regularly through semi-annual and annual evaluations 
of restorations and sealants. Any treatment need, such as extracting painful 
teeth, was performed by a dentist during the course of the trial. 
 
1.5.2 Results of the sub-studies  
 
This trial had a number of primary and secondary aims, all related to the 
investigation into which treatment protocol was most appropriate for use in 
circumstances such as those found in Paranoá. The investigation had several 
aims, which included establishing: 
 children’s’ oral health-related quality of life before and one year after 
implementation of the three treatment protocols (24, 75); 
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Figure 1.3. Primary molars of children inserted in the Paranoá Study. In A, amalgam 
restorations (CRT) in the first primary molar; in B, glass ionomer cement (ART) restorations in 
the first and second primary molars and also the first permanent molar (not inserted in the 
study); in C and D, open cavities (UCT) with involvement of multiple surfaces on the first primary 
molars. 
 
 pain and dental anxiety experience related to the implementation of 
the different treatment protocols (76-79); 
 survival of amalgam and ART/HVGIC restorations after two and three 
years (80, 81); and; 
 preventive effect of supervised toothbrushing and sealants on the 
development of dentine carious lesions in permanent teeth (82). 
However, a number of secondary aims had not been included in the 
investigation. These aims included the establishment of the survival and 
exfoliation rates of teeth treated with the three treatment protocols and the 
quality of life of children having been treated with these protocols after a period 
of 3 years. They also included the assessment of the level of adaptation of 
amalgam and HVGIC to tooth tissue and the effect of HVGIC on demineralised 
dentine under ART/HVGIC restorations.  
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1.6 Rationale for conducting the present PhD study 
 
1.6.1 Survival and exfoliation rates of primary molars  
 
As the UCT protocol was investigated in Paranoá for the first time, many 
aspects of this protocol needed to be studied in order to understand its impact 
on both the primary and permanent dentitions. In particular, it was important to 
know its effect on normal eruption of permanent teeth and on the survival and 
exfoliation patterns of UCT-treated teeth. This knowledge would increase the 
support for the applicability of the UCT protocol in oral healthcare services 
tremendously. For this reason, the present PhD research investigated the 
survival and exfoliation patterns of teeth treated with the UCT protocol to those 
treated with the CRT and ART protocols. It is known that premature extraction 
of primary molars can influence the timing of eruption of permanent teeth. It is 
not certain whether the premature loss leads to malocclusion in permanent 
teeth as very few studies have been performed on this topic and those that 
have show different results (83). The study seeks to answer the questions: Will 
UCT-treated molars exfoliate earlier or later than or at the same time as 
restored molars? What is the relationship between the different exfoliation 
patterns and the normal eruption pattern of premolars?  
 
1.6.2 Quality of life after treatment 
 
The analysis of oral health-related quality of life (OHRQoL) is multidimensional 
and provides essential information for assessments of treatment needs and 
outcomes, clinical decisions and evaluations of interventions, services and 
programmes in public health institutions. One of the instruments usually applied 
is the ECOHIS – Early Childhood Oral Health Impact Scale, which has been 
designed as a parent proxy-report of the OHRQoL of children aged 3 to 5 (84). 
In the Paranoá Study, the Brazilian validated version of the instrument B-
ECOHIS was used to estimate the negative impacts of untreated dentine 
carious lesions of 6- to 7-year-old children, as no specific OHRQoL instrument 
had been designed for use in that age group (24). One year after completing the 
treatment (CRT, ART and UCT), the B-ECOHIS was re-applied to assess 
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OHRQoL. No difference between the three treatments was observed. It was 
concluded that the UCT protocol was as good as the two restorative protocols in 
reducing children’s experience of pain, sleeping problems and irritability (75). 
 When children reach cognitive and emotional maturity, they are 
considered able to fill in questionnaires about their own quality of life 
themselves. Their self-report and that of their parents provide complementary 
information about the real impact of a particular disease on the quality of life of 
the child (85). For that reason, it was decided that the next OHRQoL 
investigation would be held after three years when the children would be 9- and 
10-years old. They would fill in the first part (child section) of the B-ECOHIS 
themselves, making it possible to compare their perceptions with those of their 
parents/caregivers. The results are expected to provide information on how 
parents think about their children’s quality of life and also how children really 
think about their own OHRQoL. Furthermore, such a long-term investigation has 
never been performed and the outcomes are expected to aid in the planning of 
oral healthcare programmes in areas like Paranoá. 
 
1.6.3 Microleakage at the tooth-restoration interface 
 
A tight marginal seal between cavity walls and the restorative material is 
essential for long-term durability of a restoration. The presence of micro-gaps 
and, subsequently, microleakage may lead to secondary carious lesion 
development and may cause pulp damage in the long term (86-88). It is, 
therefore, in the interest of long-term tooth survival that a restorative that bonds 
securely to tooth tissues is chosen.  
 Amalgam restorations do not bond to dental hard tissue, but glass-
ionomer- and resin-based materials do. In the Paranoá Study, amalgam and 
ART/HVGIC restorations were produced in primary teeth. These teeth have the 
potential to be used for investigating the bonding capacity of ART/HVGIC 
restorations over a number of years. Amalgam restorations will be the control 
group. The investigation will be conducted on exfoliated primary teeth. 
Microleakage will be established by using silver nitrate as the tracer, from a 
Scanning Electron Microscopy (SEM) produced image. This test set-up not only 
shows the presence/absence of a micro-gap but also allows the calculation of 
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the measurement of its width and length because of the three-dimensional high-
resolution SEM image that is produced (89, 90). 
 As the precise relationship between the clinical performance of 
restorative materials and the occurrence of microleakage is controversial (91), 
and as the number of studies on this topic is low, there is a need to carry out 
further studies. 
 
1.6.4 Dentine mineral density  
 
The possibility of assessing treated teeth that have been retained in the oral 
cavity for a long period of time through an ex vivo test model is an important tool 
in better understanding the biomechanical behaviour of the restorative material 
and non-restorative approaches used in treating tooth cavities. One important 
aspect that can be studied using this model concerns the level of 
hypermineralised dentine underneath a restoration in comparison to dentine 
underneath a non-restored cavity. The level is determined through measuring 
the mineral density of dentine, which is the standard procedure (92, 93).  
 The MID approach argues that not all demineralised dentine needs to be 
removed as firm demineralised dentine has the potential to remineralise (47). 
However, not much information is available with respect to the extent to which 
the demineralised dentine is remineralised under a restoration. Similarly, only a 
few long-term studies have reported arrestment of carious lesions in open 
cavities after biofilm removal (65, 94) and further studies are therefore needed.  
 The Paranoá Study provides the opportunity to investigate 
remineralisation under restorations and open cavities. The data for the level of 
mineral density will be obtained from the microcomputed tomography (micro-
CT), which is a non-invasive, non-destructive and less time consuming method, 
compared to the existing ones, that allows bi- and tri-dimensional analysis of 
dental hard tissues (95). It is expected that this investigation will assist the 
dental profession in determining the applicability of non-operative treatment 
approaches to primary teeth and the potential of restorative material on 
remineralising demineralised dentine underneath a restoration.  
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1.7 Aims of the PhD research 
 
The primary aims of this PhD research are to investigate the exfoliation pattern 
of primary teeth treated by three different treatment protocols (CRT, ART and 
UCT), the quality of life of the patients after 3 years, microleakage of 
restorations and dentine mineral density of the treated teeth after exfoliation.  
The specific aims are: 
 to compare the cumulative survival rates of primary molars treated 
according to the three treatment protocols after 3.5 years; 
 to compare the cumulative exfoliation rates of primary molars treated 
according to the three treatment protocols after 3.5 years; 
 to compare the oral health-related quality of life (OHRQoL) of 
children treated with the three treatment protocols as reported by the 
children themselves and their parents/caregivers 3 years after 
completion of the treatments; 
 to compare, ex vivo, the presence of microleakage at the tooth-
restoration interface from clinically rated successful amalgam and 
ART high-viscosity glass-ionomer cement restorations after 2-3 
years; 
 to compare, ex vivo, the mineral density of the remaining dentine 
alongside amalgam and ART high-viscosity glass-ionomer cement 
restorations, and in dentine alongside open cavities treated with and 
without biofilm removal after 2-3 years. 
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The 3.5-year survival rates of primary molars 
treated according to three treatment protocols: a 
controlled clinical trial 
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ABSTRACT 
 
This study aimed to test the hypothesis that there is no difference in the survival 
rates of molars treated according to the conventional restorative treatment 
(CRT) using amalgam, atraumatic restorative treatment (ART) using high 
viscosity glass ionomer, and ultraconservative treatment (UCT) protocol after 
3.5 years. Materials and methods: Cavitated primary molars were treated 
according to CRT, ART, and UCT (small cavities were restored with ART and 
medium/large cavities were daily cleaned with toothpaste/toothbrush under 
supervision). Molar extractions resulting from toothache, sepsis, or pulp 
exposure were failures. The Kaplan–Meier method was used to estimate the 
survival curves. Results: The numbers of treated teeth, among the 302 6–7- 
year-old children, were 341 (CRT), 244 (ART), and 281 (for UCT group: 109 
small ART, 166 open cavities, and 6 combinations). Protocol groups were 
similar at baseline regarding gender and mean decayed missing filled tooth 
score, but not regarding age and type of surface. The numbers of molars 
extracted were 22 (CRT), 16 (ART), and 26 (UCT). Fistulae were most often 
recorded. After 3.5 years, the cumulative survival rate ± standard error for all 
molars treated was 90.9±2.0 % with CRT, 90.4±2.4 % with ART, and 88.6±1.9 
% with UCT (p=0.13). Only a type of surface effect was observed over the 3.5-
year period: survival rates for molars were higher for single- than for multiple-
surface cavities. Conclusion: There was no difference in the cumulative survival 
rates of primary molars treated according to the CRT, ART, and UCT protocols 
over a 3.5-year period. Clinical relevance: Keeping cavities in primary molars 
biofilm free might be another treatment option alongside restoring such cavities 
through conventional and ART protocols.  
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2.1 Introduction  
 
The 2010 national oral health survey in Brazil revealed that the d-component 
contributed to about 80% of the mean dmft-score of 5-year-olds (1), implying a 
low coverage of restorative care among the young. This situation appears to be 
similar to those in other countries. According to the WHO data base, on average 
72% of cavitated dentine carious lesions in primary teeth are untreated in high-
income countries and 95% in low-income countries (2). These figures imply for 
the majority of children in the world, the failure of preventive caries care and 
that of conventional restorative treatment (CRT) using rotary equipment, in 
keeping primary teeth healthy and functional until exfoliation.  
 One option available for increasing the accessibility of preventive and 
restorative care for these children is the use of Atraumatic Restorative 
Treatment (ART). In terms of restoration survival, the ART performs as well as 
CRT using amalgam (3) and resin composites (4). However, ART is better 
accepted by young children and, as it can be applied in places lacking electricity 
and running water, their access to preventive and restorative caries care can be 
increased through its use (5). Furthermore, ART restorations are more cost-
effective than CRT restorations after 2 years (6). However, the problem of the 
magnitude of the absence of appropriate caries care for most of the children in 
the world cannot be solved solely through the introduction of ART. Other 
innovations need to be developed if the burden of dental cavities in child 
populations is to be reduced internationally.  
 In 2012 Kidd (7) postulated the question as to whether all cavitated 
dentine carious lesions in primary teeth needed to be restored. She argued that 
the most important treatment for preventing carious lesion development and for 
arrestment of a cavitated dentine carious lesion is controlling the oral biofilm. 
The biofilm in cavitated dentine carious lesions can be managed through 
placement of a restoration. But that treatment in itself does not ensure good 
control of the biofilm after restoration. As biofilm control is so essential in 
managing dental caries, could its control in cavitated teeth also be achieved 
through regular removal from accessible tooth cavities as part of the process of 
daily tooth brushing? This suggestion is not new: GV Black recommended tooth 
brushing for removing plaque in open cavities in buccal surfaces (8). He even 
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suggested the opening of cavities in buccal surfaces that were insufficiently 
accessible for plaque removal. In view of the current poor status of oral health in 
most of the young populations in the world and the lack of sufficient dental 
professionals in many countries, the suggestion that cavities should be made 
free of biofilm through cleaning of the teeth was considered to be worth 
pursuing.  
In an attempt to find an appropriate method of curbing the high 
prevalence of unmet caries problems in primary dentitions in youngsters in 
Brazil, a treatment protocol was developed and termed ultra-conservative 
treatment (UCT). It is developed on the strength of the restorative aspect of 
ART which is to restore small tooth cavities successfully in a patient-friendly 
way (5), and to remove biofilm from, mainly medium and large, accessible tooth 
cavities using toothbrushes and toothpaste. The reason for restoring small 
cavities is that they cannot be cleaned properly. Such a protocol highlights the 
presence of a cariogenic biofilm as the main aetiologic factor in the 
development of a carious lesion, which implies that dental biofilm ought to be at 
best removed or at least disturbed daily. No prospective study on the 
effectiveness of the UCT was available in the literature.  
The hypothesis tested was that there is no difference in the cumulative 
survival rates of primary molars treated according to the CRT, ART and the 
UCT protocols over a 3.5-year period.  
 
2.2 Material and methods  
 
2.2.1 Study design 
 
The controlled clinical trial, using a parallel group design, was carried out in all 
the six public primary schools of Paranoá, a socially deprived suburban area of 
Brasilia, the capital of Brazil. The sample of subjects for the present 
investigation was nested in an oral health epidemiological survey of 6- and 7-yr-
old children attending these schools [de Amorim et al, 2011]. The inclusion 
criteria were: 1) good general health; 2) at least two cavitated dentine carious 
lesions in primary molars without pain and signs of pulp involvement. The trial 
was approved by the Research Ethics Committee of the University of Brasília 
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Medical School (reference 081/2008) and was registered at the Dutch Trial 
Registration Centre (reference 1699). Only children whose parents/guardians 
signed an informed consent form that explained the voluntary nature of 
participation and the content of the trial were included in the study. 
Children were allocated to three treatment protocol groups: conventional 
restorative treatment (CRT) using amalgam, as the control group, and 
atraumatic restorative treatment (ART) and ultra-conservative treatment (UCT) 
as the test groups, using cluster randomization with the school as the unit. As 
only two of the six schools had a dental unit with rotary equipment, these 
schools constituted the CRT group. The remaining four schools were randomly 
allocated to ART and UCT groups by the flip of a coin. 
 
2.2.2 Treatment protocols 
 
Clinical procedures in the three treatment groups followed a standardized 
protocol developed after a pilot study used for training and calibrating the 
operators.  
Conventional restorative treatment (CRT) protocol: Isolation was 
obtained, using cotton wool rolls and a suction device. Dentine carious cavities 
were treated with rotary instruments and restored with amalgam (Permite 
Regular set®; SDI, Melbourne, Australia), which is the common practice in most 
Brazilian public oral health centers. Cavity outline followed Black’s principles of 
cavity design, but without ‘extension for prevention’. In deep cavities a Ca(OH)2 
liner was applied. In proximal cavities, a wooden wedge and a steel matrix band 
(Injecta®, Diadema, São Paulo, Brazil) in a Tofflemire matrix retainer (Golgran®, 
São Paulo, Brazil) were used.  
Atraumatic restorative treatment (ART) protocol: Isolation was obtained, 
using cotton wool rolls. Dentine carious cavities were restored, using ART and a 
high-viscosity glass-ionomer (Ketac Molar EasyMix®, 3M ESPE, Seefeld, 
Germany). Cavities were accessed and prepared with hand instruments only 
(ART Kit®; Henry Schein, Chicago, USA). In deep cavities, a Ca(OH)2 liner was 
applied. In proximal cavities, a wooden wedge and a steel matrix band 
(Injecta®) in a Tofflemire matrix retainer (Golgran®) were used. The cleaned 
cavity was then conditioned for 10 seconds with a wet cotton wool pellet diluted 
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with the glass-ionomer liquid, washed for five seconds with a wet cotton wool 
pellet, and dried for five seconds with a dry cotton wool pellet. The trained 
chairside assistant mixed the glass-ionomer on a glass plate with a metal 
spatula according to manufacturer’s instructions. The mixture was inserted in 
the cavity in a few increments, using the ART applier/carver instrument (ART 
Kit®), overfilled and pressed down by a petroleum-jelly-coated-finger (9). The 
bite was checked and excess material was removed with the ART applier/carver 
instrument. The restoration was coated with petroleum jelly and the child was 
asked not to eat for at least one hour.  
Ultra-conservative treatment (UCT) protocol: Small dentine carious 
cavities were treated according to the ART protocol. Medium-sized dentine 
carious cavities in primary molars were not restored but enlarged with a hatchet 
(Henry Schein®), to facilitate plaque removal with a toothbrush and fluoridated 
toothpaste (1,000 ppm). Large dentine carious cavities in primary molars were 
also left unrestored and cleaned as described for medium-sized cavities. During 
the 3.5-years of the trial a trained dental assistant supervised the tooth brushing 
daily on schooldays and taught children how to perform a bucco-lingual tooth 
brushing technique on all non-restored cavities. The assistant was trained in 
detecting plaque. She repeated the brushing demonstration if a child’s teeth 
were found unclean. Children were advised to clean their teeth during vacations 
as well as during the school terms. The classification of cavity size in primary 
molars was based on a previous study (10). For proximal cavities, one half of 
the occlusal surface was taken as the reference for the measurement of cavity 
size, whereas for occlusal cavities the whole occlusal surface was taken as the 
reference. Small cavities covered less than 1/3 of the reference for 
measurement, medium-sized cavities covered between 1/3 and 2/3, and large 
cavities covered more than 2/3. 
 
2.2.3 Implementation 
 
Children were treated on the school premises by three pediatric dentists trained 
in applying the two different restorative approaches and cleaning tooth cavities 
with a toothpaste and toothbrush, in the week before the study commenced, 
during May-July 2009. In the ART and the UCT groups, a portable treatment 
 40 
 
bed and a portable source of operating light were used. Chairside assistants 
assisted the dentists during all clinical procedures. Anterior decayed teeth were 
referred to a nearby public health clinic for restoration.  
Before the treatment commenced, all children received an oral hygiene 
kit containing a toothbrush, fluoridated dentifrice, plaque disclosing dentifrice, 
and dental floss. They were collectively taught how to use the kit and were 
informed about good diet habits. A brochure showing how to clean the teeth 
effectively was presented to them and they were told to show it to their 
parents/caretakers. 
 fter completion of the treatment, children’s parents/caretakers were 
advised to contact the operators or the principal of the school in case of 
toothache or the occurrence of a swelling alongside the tooth. In both situations 
the affected tooth was extracted by one of the operators and the reason for 
extraction was recorded. During the trial period one dental assistant visited the 
schools from CRT and ART groups monthly and the UCT group daily, and 
consulted the principal if any complaint had been received. 
 
2.2.4 Evaluation 
 
Tooth survival was assessed by two independent and calibrated evaluators, 
who were trained pediatric dentists, after 6 months and 1, 2, 3 and 3.5 years. 
Teeth were assessed according to the pufa-index, which covers pulpal 
involvement and the presence of an ulceration, a fistula or an abscess (11). In 
case of a positive score, the evaluator recorded the tooth for extraction, which 
was done by one of the operators. Children were further asked about having 
toothache and were asked why a tooth was absent: whether it had been 
exfoliated or extracted. 
  
2.2.5 Statistical analysis 
 
  power calculation using an α of 0.05 and a 1-β of 0.8 preceded the sampling 
procedure. On the basis of an expected 10% increase in the survival rate of 
non-restored teeth, from 82% (12) to 92%, the sample size would be 173 teeth 
per group. Having children included in the study with at least 2.5 teeth needing 
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treatment per child, the number of children required was 70 per group. 
Considering a 10% correction for dependency on treatments within a child, and 
an estimated 8% annual withdrawal of children, the required sample size was 
97 children or 239 teeth per treatment protocol group after 3.5 years.  
All collected data were inserted into a data entry program especially 
designed for the trial. Missing data were entered with plausible values being 
either based on no error, a distinct moment of failure, or censored observation. 
In all but 2 cases the distinct moment of failure could not be determined. The 
decision was made to allocate these missing observations alternately to “having 
survived” and “failed.”  
The analyses were performed following the per protocol approach, by a 
biostatistician using SAS version 9.2-software. The dependent variable was the 
survival rate of primary molars treated according to the three treatment 
protocols (CRT, ART, UCT). The independent variables were age (6,7), gender, 
mean dmft score at baseline, type of surface (single, multiple) and operator (1-
3). A treated tooth failed if it had subsequently been extracted because of 
toothache, dental sepsis (fistula/abscess) or pulp exposure. Exfoliated teeth and 
those extracted by another dentist were censored. The Proportional Hazard 
Rate Regression Model (13) with frailty correction (14) was used to calculate 
cumulative survival rates of treated teeth and to analyze the effect of 
independent variables on the dependent variable over the 3.5-years period. A 
tooth presenting a single- and a multiple-surface cavity was considered as 
having a multiple-surface cavity. A tooth presenting more than one single-
surface cavity was considered as having a single-surface cavity. The Wald-test 
was used in testing for differences between these 3.5-year cumulative survival 
rates and for the effects of the independent variables on the survival curves. 
The Jackknife method was used for correction for dependency of treated teeth 
within each child. Then the t-test was used in testing differences between 
interval survival rates (15). Statistical significance was set at α=0.05.  
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2.3 Results  
 
2.3.1 Disposition of subjects 
 
The sample consisted of 302 children. The results of the background variables 
are presented according to treatment protocol group in Table 2.1. The UCT 
group was divided over 109 teeth treated with ART, 166 teeth in which the 
cavity was cleaned with toothpaste and toothbrush, and 6 teeth that contained 
both an ART restoration and a non-restored cavity cleaned with toothpaste and 
toothbrush. No effect of gender (p=0.71) and mean dmft-score (p=0.75), but an 
effect of type of surface (p=0.03) and of age (p<0.0001) amongst children in the 
treatment protocol groups was observed at baseline. Children from the CRT 
group were, on average, 0.2 years younger than those of the ART and UCT 
groups. There were proportionally fewer molars with a multiple-surfaces cavity 
in the CRT than in the ART and UCT protocol groups.  
 
 
 
Table 2.1. Background variables according to treatment protocol group 
 
 CRT  ART  UCT  
Mean age ± SD 6.7 ± 0.4 6.9 ± 0.4 6.9 ± 0.4 
Gender               
          N boys                        
          N girls 
 
67 
59 
 
49 
36 
 
47 
44 
Mean dmft-score ± SD 
Type of surface 
          N single-surface 
          N multiple-surfaces 
5.8 ± 3.2 
 
103 
238 
5.8 ± 2.7 
 
56 
188 
5.5 ± 2.6 
 
62 
219 
CRT = conventional restorative treatment; ART = atraumatic restorative treatment; UCT = ultra-
conservative treatment; N = number; SD = standard deviation 
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The overall 3.5-year lost-to-follow-up rate of children was 52.0%. The 
lost-to-follow-up rates over the 3.5-years period of children who were really 
absent was 12.2% whilst the rate for children who were present but had all 
study teeth exfoliated and/or extracted was 39.7%. The non-response analysis 
revealed no effect for age (p=0.28), gender (p=0.29) and baseline mean dmft 
scores (p=0.70). 
A Consort flow diagram is presented in Figure 2.1. During treatment 
procedure operators excluded a higher proportion of cavitated teeth in the CRT 
(34%) and ART (27.3%) protocol groups than in the UCT (17.6%) protocol 
group because of pulp involvement. 
 
2.3.2. Survival of primary molars  
 
Table 2.2 shows the cumulative survival rates and Jackknife standard error of 
all treated primary molars by treatment protocol group and interval period. No 
evaluation data was available from 10 children who had had 23 teeth treated. 
The Wald test showed no statistically significant difference among the three 
treatment protocol groups in cumulative survival rates for all treated primary 
molars (p=0.13). Over the 3.5-year period no effect of age (p=0.41), gender 
(p=0.93), operator (p=0.30) and baseline mean dmft-score (p=0.94) was 
observed on the cumulative survival rates of all treated primary molars among 
the three treatment protocol groups (Walt-test). Only a type of surface effect 
was observed (p=0.009), showing that molars treated for having a single-
surface cavity survived longer than molars treated for having a multiple-surface 
cavity.  
An additional analysis was carried out because almost every extracted 
tooth had been treated for a multiple-surface cavity. Table 2.3 shows the 
cumulative survival rates and Jackknife standard error of treated primary molars 
with multiple-surface cavities according to treatment protocol group and interval 
period. No statistically significant difference among the three treatment protocol 
groups was observed in the 3.5-year cumulative survival rates of primary molars 
treated for having a multiple-surface cavity (p=0.29); neither did the background 
variables show a statistically significant effect (p>0.05). 
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Figure 2.1· Consort flow diagram of the controlled clinical trial 
 
CRT = conventional restorative treatment; ART = atraumatic restorative treatment; UCT = ultra-conservative treatment; 
N = number. 
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Table 2.2.  Cumulative survival rates (%) and Jackknife standard error (SE) of all treated 
primary molars, by treatment protocol group and interval period  
 CRT group ART group UCT group 
Interval 
period 
(yrs) 
N       NX      %      SE N       NX       %       SE    N       NX     %        SE 
0.0 – 0.5 324    02    99.4    0.4 244    00    100.0     0.0    275    01    99.6     0.0 
0.5 – 1.0 
293    07    97.7    0.9 230    04      98.3     0.8    258    10    96.2     1.3 
1.0 – 2.0 263    16    94.4    1.4 206    12      94.5     1.6    223    25    89.7     1.9 
2.0 – 3.0 227    19    93.1    1.5 165    12      94.5     1.6      75    26    88.6     1.9 
3.0 – 3.5 125    22    90.9    2.0   91    16      90.4     2.4      43    26    88.6     1.9 
N = number of teeth; NX = cumulative number of extractions 
 
 
 
Table 2.3.  Cumulative survival rates (%) and Jackknife standard error (SE) of treated primary 
molars with multiple-surface cavities, by treatment protocol group and interval period 
 CRT group ART group UCT group 
Interval 
period 
(yrs) 
N       NX      %      SE N       NX       %       SE    N       NX     %        SE 
0.0 – 0.5 238    02    99.2    0.6 188    00    100.0     0.0 
219     01  100.0     0.0 
0.5 – 1.0 
215    07    96.9    1.2 176    04      97.7     1.1    207    09    95.7      1.3 
1.0 – 2.0 193    16    92.4    2.1 156    11      93.4     2.0    174    23    88.0      2.1 
2.0 – 3.0 161    18    91.2    2.1 120    11      93.4     2.0     38     23    88.0      2.1 
3.0 – 3.5        80     20    89.0    2.1   68    15      88.0     2.7     22     23    88.0      2.1 
N = number of teeth; NX = cumulative number of extractions   
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Table 2.4.  Frequency distribution of reasons for extraction of treated primary molars, by 
treatment protocol group 
 CRT group ART group UCT group 
Reasons for extraction NX NX NX 
Pulp exposure 08 01 09 
Fistula 02 11 11 
Abscess 04 02 04 
Toothache 
Other reason 
08 
00 
02 
00 
01 
01 
NX = number of extractions 
 
Over the 3.5-year period a total of 22 (CRT), 16 (ART) and 26 (UCT) 
primary molars were extracted. Six extracted teeth had a single-surface 
restoration; 2 (CRT), 1 (ART) and 3 (UCT). All other extracted teeth concerned 
multiple-surface restorations. Table 2.4 shows the frequency distribution of 
reasons for extraction of all treated primary molars, by treatment protocol 
groups. The presence of a fistula was the main reason for tooth extraction. 
 
2.4 Discussion    
 
2.4.1 Research Methodology 
 
Cluster randomization was used, with school as the unit, because two schools 
were equipped for rendering conventional restorative treatment. Whether this 
quasi-randomization process created a selection bias depends on whether the 
treatment effect variables, such as socio-economic status (SES) of the children, 
caries status, age, and type of surface, disturbed the study outcomes. The 
epidemiological survey, conducted in all the schools present in the study area, 
showed neither a significant difference between the children of the three 
treatment protocol groups in relation to SES and caries status, nor a significant 
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difference regarding type of surface (16). The only difference observed was that 
children from the CRT group were on average 0.2 years older than those from 
the other two treatment protocol groups. As there was no significant difference 
in mean dmft/s scores amongst the children of the three treatment protocol 
groups, the small difference in age is not likely to have influenced the study 
outcome. Despite the fact that a common randomization process was not 
attained, it appears unlikely that the present study design caused selection bias. 
 In addition to the apparent absence of selection bias, the level of blinding 
needs to be discussed. Blinding of operators and evaluators could not be 
performed, as the restorative procedure, dental materials and open cavities 
were clearly distinguishable. In order to ensure high quality of data collection, 
the evaluators were the same throughout the study period and were calibrated 
prior to each of the evaluation time points. As the absence of a tooth is easily 
identifiable by a pediatric dentist and as tooth symptoms were reported to the 
study dentist responsible during evaluation periods, the absolute number given 
for teeth extracted and those exfoliated can be regarded as highly reliable. This 
situation presumpted the need for an inter-examiner consistency test. Blinding 
of the patients was most probably obtained, as the large majority of the children 
had had no prior experience in dental care, even those from the schools which 
had a dental unit as no oral health programme had been instituted because for 
years, no dentist or dental hygienist had been employed. The statistician could 
not be completely blinded as some children from the UCT group received 
treatment both through a restoration and through biofilm control with toothbrush 
and toothpaste. Despite the recommendation to achieve blinding on all four 
aspects, the nature of the present study did not allow for blinding of operator, 
evaluator and statistician. However, the best level of blinding possible in studies 
of this nature was achieved (17). 
Neither X-rays nor rubber dams were used. These aspects need to be 
discussed, as in a number of countries use of a rubber dam with amalgam is 
mandatory, while in many others it is not. Use of a rubber dam with amalgam, in 
comparison to isolation with cotton rolls for restoring cavitated teeth in primary 
and permanent dentitions has not yielded proven, statistically significantly 
different results for restoration characteristics and longevity of restorations 
(18,19). In addition, it has been hypothesized that the absence of rubber dam 
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should lead to a higher pulp inflammation and therefore, could create a 
technique bias, as more extractions would be performed in teeth isolated with 
cotton rolls than in those isolated with a rubber dam. However, no statistically 
significant difference in pulp inflammation was observed between restorations 
using rubber dams and those using cotton rolls (20). Another aspect was the 
absence of X-rays in caries diagnosis. As described in the consort flow diagram, 
the exclusion of teeth due to pulpal involvement relied both on a clinical 
assessment and on the treatment process. Having this combination available in 
an environment such as a school in a deprived area tremendously reduces the 
need for X-rays which would be difficult to use in such environments anyway, as 
it cannot meet the going standard and it is financially demanding. In Brazil, most 
public health centres have no X-ray machine and that might be the case in 
many countries where the UCT protocol would be an option. A reasonable 
assumption in view of the above is that no technical bias influenced the 
outcomes of tooth survival rates in the present study. 
The 3.5-year lost-to-follow up percentage of children was low and 
missing values were accounted for though use of an imputation process 
straightforwardly applied in most cases. These two aspects allowed the most 
accurate estimation of tooth survival rates. Extraction of a primary molar by a 
dentist other than the operators was considered a censored observation, 
because the reason for extraction could not be determined.  It might well be 
possible that a primary molar was extracted by another dentist for reasons other 
than the criteria for extraction used in the present study. This situation was 
particularly applicable to non-restored primary molars from the UCT group and 
to primary molars presenting a failed (broken/lost) restoration in the CRT and 
ART groups. Censoring study teeth that have been treated by non-study 
dentists is also applied in estimating survival rates of restorations assessed 
according to the United States Public Health Services criteria (21). The 
statistical analysis used took care of the dependency of data within a child. 
Because the cluster covered only 2 schools, a mixed effect model, which is 
usually used in cluster randomized study designs, was not considered 
appropriate. Therefore, in the proportional hazard model only with frailty 
corrections for children was used. 
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Considering the nature of the present study, it is doubtful that any 
systematic error existed and influenced the study outcomes. Consequently, the 
internal validity of this controlled clinical trial is considered high.  
 
2.4.2 Main findings 
 
The study showed that managing dentine carious cavities in primary molars 
according to the UCT protocol (restoring small-sized cavities with ART and 
regularly cleaning medium and large cavities) is as effective in generating 
retention of primary molars as is restoration of these cavities according to the 
CRT and ART protocols. The study also showed that there was no difference in 
the cumulative survival rates of teeth treated according to CRT and ART 
treatment protocols.  
Extraction was the study outcome variable. The number of extractions 
per protocol group was influenced by the exclusion of pulp-involved cavitated 
teeth during the treatment session and, in particular, during excavation. In CRT 
and ART protocol groups, carious lesion progression into the pulp could be 
assessed more easily, as operators had to actively remove carious tissues from 
cavities. In the UCT group, assessment of a possible pulp involvement was 
more difficult, as carious tissues were removed through tooth brushing, which is 
less effective than rotary and manual removal. That fact may be a reason for 
the higher number of extracted teeth in the UCT group. This assumption is 
supported by the proportion of teeth excluded from the study during the 
treatment session, which was much higher in the CRT and ART than in the UCT 
protocol group. The level of tooth extraction could also have been influenced by 
the cavity cleaning technique employed. Where fistula was the main reason in 
the ART and UCT groups, pulp exposure and toothache were the main reasons 
for extraction of teeth treated according to CRT protocol. 
This study is the first to have investigated the effectiveness of a protocol 
consisting of a combination of restoration and cleaning of cavitated posterior 
primary teeth on a longitudinal basis, as far as is known. This makes 
comparison with other studies difficult. However, a related investigation was 
done, using CRT, ART, extraction only and no treatment groups, in a child 
population with an average age of 6.1 years, in the Surinam rainforest (22). 
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That study used different study outcome variables from those of the present 
one. The outcome of that study differed from that of the present study: in the 
Surinam study a higher proportion of pulp-involved teeth was observed in the no 
treatment group than in the CRT group. The absence of biofilm control in the no 
treatment group may have accounted for this. The authors concluded that the 
CRT protocol was the strategy of choice for application in an oral health 
programme for these children, with extraction of pulp-involved teeth as the 
second-best strategy (22). 
A few retrospective studies on this topic are available. The survival rate 
of teeth treated according to the UCT protocol in the present study (89.7%) after 
2 years is higher than that (82%) in the study undertaken by Levine et al (12). 
They evaluated the survival rate of non-restored primary teeth managed by 
regular reinforcement of simple dietary and tooth-brushing advice, in a private 
practice setting, over an average period of 2 years. The same survival rate of 
exfoliation (82%) was reported for untreated primary molars attended to in the 
public health service (23). The paper does not disclose the survival period. The 
difference in outcomes between these two retrospective studies and the present 
one can most probably be attributed to the fact that small cavities in the UCT 
group were restored and open cavities were cleaned under supervision during 
schooldays.  
The outcomes of the studies presented above support the reflections 
expressed by Kidd (7). Progression of carious lesions might be controlled by 
cleaning open cavities thoroughly until teeth exfoliate naturally. The advantages 
of this approach include the low level of pain and anxiety experienced during 
the clinical intervention (24) and the opportunity for increasing access to dental 
health in deprived areas such as that described above, at low cost. 
The UCT was carried out on children aged 6-7 years who had on 
average 4-5 years to go before all primary teeth would be exfoliated or 
extracted. It can be argued that if treatment were delivered earlier, the number 
of extractions would be lower, as dental caries is an age related disease. 
However, it might prove more difficult to clean open cavities in the teeth of 
younger children.  
The performance of the UCT protocol was for a large part attributed to 
the supervision of tooth brushing by a trained assistant during the 220 school 
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days per year. Would this supervision scheme prove realistic? Further studies 
should be carried out on the effectiveness of the UCT protocol in children less 
than 6 years old and on the effectiveness of a different supervision scheme 
based, for example, on decreasing incremental visits in association with support 
for home-based dental care (25). That could be accompanied by an application 
of fluoride varnish or of a thin layer of glass-ionomer over the floor of deep 
cavities only (26).  
Whether the results of the present study can be generalized to other child 
populations is difficult to surmise as external validity is a complex reflection in 
which prior knowledge, statistical considerations, biological plausibility and 
eligibility criteria are all relevant (27). Being the first study assessing the 
effectiveness of the UCT protocol, this question might be answered if studies in 
similar population groups using the same methodology as used in the present 
study, have reported the outcomes.  
In conclusion, there was no difference in the 3.5-year survival rates of 
primary molars treated according to the CRT, ART and UCT protocols. As the 
conventional restorative treatment is not very suitable for use in deprived areas, 
appropriate alternative approaches should be used in managing the burden of 
cavitated dentine carious lesions in primary teeth. The ultra-conservative 
treatment protocol tested in the present study might become a new option, in 
addition to the existing ART approach, for guiding cavitated teeth to 
symptomless exfoliation. Further research on the application of UCT is still 
required. 
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three treatment protocols after 3.5 years 
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ABSTRACT 
 
The aim of the study was to evaluate the exfoliation pattern of primary molars 
treated according to three treatment protocols. The hypothesis tested was that 
there is no difference in the exfoliation pattern of primary molars treated 
according to conventional restorative treatment using amalgam (CRT), 
atraumatic restorative treatment using high-viscosity glass ionomer (ART), and 
ultraconservative treatment (UCT). The latter consisted of restoring small 
cavities with ART and cleaning medium/large non restored cavities daily with 
toothpaste/toothbrush under supervision. Methods: A sample of 302 children 
aged 6–7 years from a suburban area of Brasilia was followed up for 3.5 years. 
The numbers of treated molars were 341 (CRT), 244 (ART), and 275 (UCT). 
Exfoliation rates were obtained using the PHREG procedure. Differences 
between the three treatment protocol groups were tested using the Wald test. 
Results: After 3.5 years, there was no difference over the exfoliation rates of all 
primary molars as 51.0% (CRT), 48.7% (ART), and 48.1% (UCT) had exfoliated 
at the overall period (P = 0.37). Teeth with multiple-surfaces treatment had 
exfoliated in a higher proportion than teeth with single-surface treatments for all 
the three treatment groups (P = 0.04). Conclusion: The three treatment 
protocols led to similar exfoliation patterns of all primary molars after 3.5 years.  
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3.1 Introduction  
 
Data collected by the World Health Organization (WHO) showed that the large 
majority of cavitated dentine carious lesions in primary teeth of 5-year olds were 
left unrestored (1). This finding reflects, in part, the inability of the conventional 
drill and fill treatment concept to manage such cavitated carious lesions.  
 A decade ago, two retrospective studies reported the fate of cavitated 
carious primary teeth until exfoliation. They revealed that 82% of such teeth 
exfoliated without symptoms (2, 3). This finding is supported by a recently 
published prospective study into the natural course of cavitated primary teeth 
among on average 8 year olds (4). After 3.5 years, only 7% of such teeth had 
been restored. Of the 93% with open cavities, 81.5% exfoliated without 
symptoms. Considering the billions of such cavitated primary teeth present in 
child populations in the world, these referred studies feed the thought that not 
all cavitated carious lesions need to be treated restoratively, and if needed, that 
it is not necessarily done in the traditional restorative manner (5).  
Alternative restorative care approaches have been suggested. One such 
approach is the Atraumatic Restorative Treatment (ART) (6). Amongst children, 
ART is better accepted (7) and it produces the same quality restorations in both 
primary and permanent teeth over time compared to the traditional restorative 
approach using amalgam (8) and compared to composite resin restorations in 
primary teeth (9). But in using this alternative, the large unmet need of cavitated 
primary teeth might not be sufficiently dealt with. Other suggested alternatives 
concern sealing in carious lesions in primary teeth with a prefabricated stainless 
steel crown (10) or widening cavities for allowing cavity cleaning in conjunction 
with the application of fluoride varnish or a glass-ionomer cement liner (11). The 
evidence for the effectiveness of these alternatives is still weak. 
The latest alternative in safeguarding exfoliation of cavitated primary 
teeth without symptoms concerns a combination of the ART approach, for 
restoring small size cavities, and that of daily plaque removal with tooth brush 
and toothpaste from medium- and large-sized cavities. This protocol is called 
ultra-conservative treatment (UCT) (12). Compared to the amalgam (CRT) and 
the ART protocols, the UCT protocol was as good as the two restorative 
protocols in treating cavitated primary teeth without causing symptoms over a 
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period of 3.5 years (12). However, it is unknown if UCT treated primary teeth 
exfoliate earlier than those treated according to the CRT and ART protocols 
which warranted a secondary analysis to the Mijan-study.  
The hypothesis tested was that the exfoliation rates of primary molars 
treated according to the UCT protocol are no different than those of primary 
molars treated according to the CRT and ART protocols over a period of 3.5-
years. 
 
3.2 Material and methods  
 
The trial was approved by the Research Ethics Committee of the University of 
Brasília Medical School (reference 081/2008) and was registered at the Dutch 
Trial Registration Centre (reference 1699). The methodology of the present 
investigation has been described in details elsewhere (12). A summary is 
presented underneath. 
 
3.2.1 Study design 
 
The controlled clinical trial, using a parallel group design, was carried out in all 
the six public primary schools of a socially deprived suburban area (Paranoá) of 
Brasilia, Brazil. The sample of subjects for the present investigation was nested 
in an oral health epidemiological survey of 6- and 7-yr-old children attending 
these schools (13). Only children whose parents/guardians signed an informed 
consent form that explained the voluntary nature of participation and the content 
of the trial were included in the study. 
Children were allocated to three treatment protocol groups: conventional 
restorative treatment (CRT) as the control group and atraumatic restorative 
treatment (ART) and ultra-conservative treatment (UCT) as the test groups. The 
unit of sampling was the school. As only two of the six schools had a dental unit 
with rotary equipment, these schools constituted the CRT group. The remaining 
four schools were randomly allocated to ART and UCT groups by the flip of a 
coin. 
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3.2.2 Treatment protocols 
 
Clinical procedures in the three treatment groups followed a standardized 
protocol developed after carrying out a pilot study that served for training and 
calibrating the operators.  
Conventional restorative treatment (CRT) protocol: Dentine carious 
cavities in primary teeth were treated with rotary instruments and restored with 
amalgam (Permite Regular set®; SDI, Melbourne, Australia). Cavity outline 
followed Black’s principles of cavity design, but without ‘extension for 
prevention’. In deep cavities, a Ca(OH)2 liner (Hydro C
®;   Dentsply,   Petrópolis,   
Rio   de   Janeiro,   Brazil) was applied. In proximal cavities, a wooden wedge 
and a steel matrix band (Injecta®, Diadema, São Paulo, Brazil) in a Tofflemire 
matrix retainer (Golgran®, São Paulo, Brazil) were used.  
Atraumatic restorative treatment (ART) protocol: Dentine carious cavities 
in primary teeth were restored, using the ART technique as described by 
Frencken et al (1996) using only hand instruments and a high-viscosity glass-
ionomer (Ketac Molar EasyMix®, 3M ESPE, Seefeld, Germany). A trained 
dental assistant mixed the glass-ionomer on a glass plate with a metal spatula. 
For both CRT and ART protocols, a Ca(OH)2 liner (Hydro C
®;   Dentsply,   
Petrópolis,   Rio   de   Janeiro,   Brazil) was applied in deep cavities. In proximal 
cavities, a wooden wedge and a steel matrix band (Injecta®) in a Tofflemire 
matrix retainer (Golgran®) were used.  
Ultraconservative treatment (UCT) protocol: Small dentine carious 
cavities were treated according to the ART in the same manner as described for 
the ART protocol. Medium-sized dentine carious cavities in primary molars were 
not restored, but enlarged with a hatchet (Henry Schein®, Chicago, USA) to 
facilitate plaque removal with a toothbrush and fluoridated toothpaste (1,000 
ppm). Large dentine carious cavities in primary molars were also left unrestored 
and cleaned as medium-sized cavities. A trained dental assistant supervised 
the tooth brushing daily on schooldays during the 3.5 years of the trial and 
instructed children to perform a bucco-lingual technique of tooth brushing on all 
non-restored cavities. The assistant was trained in detecting plaque. She 
repeated the demonstration of how to brush, if the child’s teeth were found 
unclean. Children were advised to clean their teeth during vacations as 
 59 
 
instructed while in school. The classification of cavity size in primary molars was 
based on a previous study (14).  
 
3.2.3 Implementation 
 
Three pediatric dentists treated children on the school premises during May-
July 2009. In the ART and the UCT groups, a portable treatment bed and a 
portable source of operating light were used. Chairside assistants assisted the 
dentists during all clinical procedures. Anterior decayed teeth were referred to a 
nearby public health clinic for restoration.  
Before the treatment, all children received an oral hygiene kit containing 
a toothbrush, fluoridated dentifrice, plaque disclosing dentifrice, and dental 
floss. They were instructed collectively how to use the kit and were informed 
about good diet habits. A brochure showing how to clean the teeth effectively 
was presented to them and they were told to show it to their parents/caretakers. 
During the trial, one dental assistant visited the schools from CRT and ART 
groups monthly and consulted the principal if any complaint had been received. 
 
3.2.4 Evaluation 
 
Tooth exfoliation assessment was carried out by two independent and 
calibrated evaluators after 6 months, 1, 2, 3 and 3.5 years. Teeth were further 
assessed according to the pufa-index (15). Children were asked about having 
(had) toothache and why a tooth was not present anymore: either exfoliated or 
extracted.  
 
3.2.5 Statistical analysis  
 
A power calculation for determining the sample size of the tooth survival 
comparison study revealed a sample size of 97 children or 239 teeth per 
treatment protocol group after 3.5 years (13). 
All collected data were inserted into a data entry program especially 
designed for the trial. Seven data were missing of which 5 were imputed 
because there was no error, presence of a distinct moment of failure, or a 
 60 
 
censored observation. For the other 2 data, the distinct moment of failure could 
not be determined and a decision was made to allocate these two missing 
observations alternately to “having survived” and “having failed.”  
The analyses were performed following the per protocol approach, by a 
biostatistician using SAS version 9.2-software. The dependent variable was the 
survival rate of primary molars until exfoliation that had been treated according 
to the three treatment protocols (CRT, ART, UCT). The independent variables 
were age at baseline (6-,7-yrs), gender, mean dmft score at baseline, type of 
surface (single, multiple), operator (1-3) and type of molar (1st, 2nd). A treated 
tooth was extracted because of toothache, dental sepsis (fistula/abscess) or 
pulp exposure. Such extracted teeth, those extracted by another dentist and 
those still present were censored. The Proportional Hazard Rate Regression 
Model (16) with frailty correction (17) was used to calculate cumulative survival 
rates of exfoliated teeth and to analyze the effect of independent variables on 
the dependent variable over the 3.5-years period. A tooth presenting a single- 
and a multiple-surface cavity was considered as having a multiple-surface 
cavity. A tooth presenting more than one single-surface cavity was considered 
as having a single-surface cavity. The Wald-test was used in testing for 
differences between the 3.5-year cumulative survival rates of exfoliated teeth 
and for the effects of the independent variables on these rates. The Jackknife 
method was used for correction for dependency of treated teeth within each 
child. Then the t-test was used in testing differences between interval survival 
rates (18). Statistical significance was set at α=0.05.  
 
3.3 Results  
 
3.3.1 Disposition of subjects 
 
A Consort flow diagram is presented in Figure 3.1. The sample consisted of 302 
children. The background variables by treatment protocol groups are presented 
in Table 3.1. The UCT group consisted of 109 teeth treated with ART, 166 teeth 
in which the cavity was cleaned with toothpaste/toothbrush, and 6 teeth that 
contained both an ART restoration and a non-restored cavity cleaned with 
toothpaste/toothbrush. At baseline, there was no effect observed of gender 
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(p=0.71) and mean dmft-score (p=0.75). However, an effect was present of type 
of surface (p=0.03) and of age (p<0.0001) amongst children in the treatment 
protocol groups. Children from the CRT group were on average 0.2 years 
younger than those of the ART and UCT groups and there were proportionally 
fewer molars with a multiple-surfaces cavity in the CRT than in the ART and 
UCT protocol groups.  
The overall 3.5-year lost-to-follow-up rate of children was 52.0%. The 
lost-to-follow-up rates over the 3.5-years period of children who were really 
absent was 12.2% whilst the rate for children who were present but had all 
study teeth exfoliated and/or extracted was 39.7%. The non-response analysis 
revealed no effect for age (p=0.28), gender (p=0.29) and baseline mean dmft 
scores (p=0.70). 
 
3.3.2 Exfoliation pattern of primary molars by treatment group 
 
Table 3.2 shows the exfoliation rates of all treated primary molars and 
their standard error by treatment protocol group and interval period. The Wald 
test showed no statistically significant difference in exfoliation rates for all 
treated primary molars among the three treatment protocol groups over the 3.5 
year period (p=0.37). After 3.5-years, 51,6% of all teeth had exfoliated in the 
CRT group, 49,6% in the ART group and 48% in the UCT group. Despite there 
being no overall difference, differences in exfoliation rate between the treatment 
groups were noted at intervals. First primary molars: those from UCT had 
exfoliated at a statistically significant higher rate than those of the CRT group at 
1 year (p=0.03) (Figure 3.2A). Second primary molars: those from UCT groups 
had exfoliated at a statistically significantly higher rate than those from the ART 
at 2 years (p=0.009) and 3 years (p=0.04), and from the CRT group (p=0.04) at 
3 years (Figure 3.2B). 
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Figure 3.1. Consort flow diagram of the controlled clinical trial 
 
CRT = conservative restorative treatment; ART = atraumatic restorative treatment; UCT 
= ultra-conservative treatment. 
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Table 3.1. Background variables according to treatment protocol group 
 CRT  ART  UCT  
Mean age ± SD 6.7 ± 0.4 6.9 ± 0.4 6.9 ± 0.4 
Gender               
          N boys                        
          N girls 
 
67 
59 
 
49 
36 
 
47 
44 
Mean dmft-score ± SD 
Type of surface 
          N single-surface 
          N multiple-surfaces 
5.8 ± 3.2 
 
103 
238 
5.8 ± 2.7 
 
56 
188 
5.5 ± 2.6 
 
62 
219 
CRT = conventional restorative treatment; ART = atraumatic restorative treatment; UCT = ultra-
conservative treatment; N = number; SD = standard deviation 
 
 
 3.3.3 Analyses of background variables 
 
Effects of age (p<0.0001), gender (p=0.02), type of molar (p<0.0001) and type 
of surface (p = 0.03) on the exfoliation rates of all treated primary molars among 
the three treatment protocol groups over the 3.5-year period were observed. 
The age of CRT children with exfoliated teeth was on average 0.2 years 
younger compared to the children from both the UCT and ART group. First 
primary molars had exfoliated earlier than second primary molars. From all the 
primary molars that had exfoliated those teeth with multiple surface treatments 
had exfoliated at a higher rate than those with single surface treatments. This 
finding leads to an additional analysis on the effect of type of surface on the 
exfoliation rates of the molars between the three treatment groups. 
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Table 3.2.  Cumulative exfoliation rates of all primary molars (%) and Jackniffe standard error 
(SE) by treatment protocol group and interval period (IP) 
 CRT  ART  UCT  
IP 
(years) 
N       NX    %     SE N       NX     %     SE    N       NX     %       SE 
0.0 – 0.5 324    02    0.0     0.0 240    04     1.6      1.0 273    02     0.7      0.5 
0.6 – 1.0 291    07    2.4     1.1 228    07     2.9      1.5    251    11     4.3      1.7 
1.0 – 2.0 234    39    14.5   2.9 190    27     12.6    2.7    197    39     17.5    3.5 
2.0 – 3.0 153    93    36.8   4.1 120    64     33.6    4.8     48     58     40.2    6.3 
3.0 – 3.5        88    119    51.6* 4.1   68    85     49.6    6.0     38     64     48.0*  6.6 
N = number of teeth; NX = cumulative number of exfoliations; CRT = conventional restorative 
treatment; ART = atraumatic restorative treatment; UCT = ultra-conservative treatment 
* CRT and UCT groups (p=0.04). 
 
 
Figure 3.3 shows the exfoliation rates of all treated primary molars with 
multiple surfaces cavities and their standard error by treatment protocol group 
and interval period. The Wald test showed no statistically significant difference 
in exfoliation rates for all treated primary molars among the three treatment 
protocol groups over the total 3.5 year period (p=0.63). After 3.5-years, 56.3% 
of all teeth had exfoliated in the CRT group, 48.5% in the ART group and 43.4% 
in the UCT group. Despite there being no overall difference, differences in rate 
of exfoliation between the treatment groups were noted at intervals. Those of 
the ART group had exfoliated at a statistically significantly higher rate than 
those of the CRT group (p=0.04) at 0.5 year interval and those of the CRT 
group had exfoliated at a statistically significantly higher rate than those of the 
UCT group (p=0.04) at the 3.5 years interval.  
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Figure 3.2. Exfoliation rates (%) and Jackniffe Standard Error of (A) first primary molars and (B) second primary molars, treated by protocol group after a 
period of 3.5 year of evaluation. 
 
  
* ART and CRT groups (p=0.02). ** UCT and CRT group (p=0.03) *** ART and both UCT (p=0.009) and CRT (p=0.04) groups. **** UCT and both ART 
(p=0.04) and CRT (p=0.04) groups. 
* 
*** 
A 
** 
**** 
B 
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Figure 3.3. Exfoliation rates (%) and Jackniffe Standard Error of primary molars with multiple 
surfaces cavities, treated by protocol group after a period of 3.5 year of evaluation.  
   
* ART and CRT (p=0.04). ** CRT and UCT group (p=0.04).  
 
 
3.4 Discussion  
 
3.4.1 Research Methodology 
 
This being a secondary analysis, it draws on the study design and 
randomization process that were used to investigate the effect of the UCT 
protocol on the tooth survival in comparison to the CRT and the ART 
treatment protocols. That study concluded that it was very unlikely that a 
selection bias had influenced the study outcome (12). Blinding of operators 
and evaluators could neither be obtained, as the dental materials used and 
open cavities were clearly distinguishable, nor that of the statistician, who had 
performed the primary analyses. Blinding of the patients was most probably 
obtained (12). Considering the nature of the study and that of the secondary 
analysis, the best level of blindness was achieved (19).  
The 3.5-year lost-to-follow up percentage of children was low and 
missing values were accounted for though use of an imputation process that 
B 
* 
** 
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was applied straightforwardly. These two aspects provided the most accurate 
estimation of tooth exfoliation rates. The statistical analysis used took care of 
the dependency of data within a child. Because the cluster covered only 2 
schools, a mixed effect model, which is usually used in cluster randomized 
study designs, was not considered appropriate. Therefore, the proportional 
hazard model with frailty corrections for children was used.  
Considering the nature of the present study, it is doubtful that any 
systematic error existed and had influenced the study outcomes. 
Consequently, the internal validity of this controlled clinical trial is considered 
high.  
 
3.4.2 Main findings 
 
The hypothesis was accepted. Considering the overall period of 3.5 years, 
there was no significant difference in exfoliation rates of primary molars 
treated according to the UCT protocol compared to those treated according to 
the CRT and ART protocols. However, when looking for the exfoliation pattern 
of the primary teeth at each interval period, it was noticed that teeth from the 
UCT group had exfoliated in a higher rate compared to those from both the 
CRT and ART groups. The difference between the CRT group for first primary 
molars at 1 year and for second primary molars at 3 years may have occurred 
as a consequence of children’s age as those in the C T group were 0.2 years 
younger than those in the UCT group. This reason may not be applicable for 
the difference observed between the exfoliation rates from UCT and ART 
groups. This difference was observed for second primary molars only and 
occurred at the 2- and 3-years evaluation period. It might well be possible that 
the difference is related to the natural exfoliation pattern of those teeth, 
considering the age (9- and 10- years old) of the children. This assumption is 
supported by the absence of an exfoliation effect for the treatment groups at 
the 3.5-years. At that time, most primary teeth had exfoliated, which is in line 
with the time for the eruption of the corresponding permanent teeth (20, 21, 
22). Whether this relative early exfoliation pattern of UCT teeth has an effect 
on the eruption pattern of the corresponding permanent teeth is under 
investigation. 
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Additionally, the present study showed that teeth treated for multiple-
surface cavities had exfoliated in a higher proportion compared to those 
treated having a single-surface cavity.  This was applicable for all treatment 
groups. Within the group of teeth with multiple-surface cavities, a difference in 
exfoliation rate between such teeth in the UCT and CRT at the 3.5 years 
interval period was observed. This is, most probably, due to CRT children 
being younger than the UCT children, as mentioned above. Therefore, there 
was no significant difference in the clinical behavior of exfoliation of primary 
molars between the restored teeth from CRT and ART groups compared to 
the non-restored dentin cavitated, but cleaned, teeth from UCT.  
 Only few studies have reported about the exfoliation and eruption 
patterns of restored and non-restored primary and permanent teeth. Restored 
primary teeth survived significantly longer than non-restored cavitated primary 
teeth (4, 23), suggesting that the presence of open cavities in primary 
dentition accelerates the exfoliation rates of teeth. Moreover, an analysis of 
permanent teeth eruption patterns indicated that the caries experience, 
independently of primary teeth had been restored or not, accelerated the 
eruption process of the successors (24). The early loss of primary teeth due to 
dental caries, especially primary molars, would cause space problems, and 
restoring those teeth would minimize possible functional and alignment effects 
in permanent dentition compared to extracting such teeth (25). These leads to 
the following question: Would the cleaning protocol applied in the UCT teeth 
bring differences in biological effects that has been related to the early loss of 
primary teeth due to dental caries? 
Considering the results obtained in the present study and those 
reported above, it is possible to postulate the following hypothesis: not 
restoring dentin cavitated carious lesions in primary molars but allowing them 
to be plaque free as applied in the UCT treatment protocol should bring 
similar biological effects as restorative treatments regarding the process that 
is triggered until a physiological and symptomless exfoliation of those teeth 
and, would not induce early loss of primary teeth and functional prejudice in 
permanent dentition as consequences. Despite this assumption, there is no 
evidence of such event in the present research and further analysis regarding 
the differences in patterns of exfoliation and eruption of primary and 
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permanent teeth adding untreated dentin cavitated teeth as well as sound 
primary teeth as controls should be conduced.  
The UCT protocol could become an appropriate alternative to restoring 
cavitated primary teeth as it allows symptomless exfoliation of teeth at similar 
rates than the restorative treatments. However, the external validity of the 
present study is not very high. 
In conclusion, there was no difference in the 3.5-year exfoliation rates 
of primary molars treated according to the CRT, ART and UCT protocols. 
However, teeth with multiple surface involvements exfoliated in a higher 
proportion than the single surfaces, especially second primary molars. The 
ultra-conservative treatment protocol tested in the present study, in addition to 
the existing ART approach, should become an option for guiding cavitated 
teeth to symptomless exfoliation. Further research on the application of UCT 
is still required. 
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ABSTRACT 
The aim of the study was to assess children’s oral health-related quality of life 
(OHRQoL) three years after implementation of three treatment protocols for 
managing cavitated dentine carious lesions in primary molars by parent proxy-
report with the Brazilian Early Childhood Oral Health Impact Scale (B-
ECOHIS) and to assess the level of agreement between the children’s self-
reporting and the reporting of parents of the children’s OHRQoL. Methods: 
Schoolchildren aged 6 to 7 were included in a clinical trial that compared three 
treatment protocols for managing dentine cavitated carious lesions: CRT 
(Conventional Treatment); ART (Atraumatic Restorative Treatment) and UCT 
(Ultraconservative Treatment). Before treatment (baseline), the OHRQoL of 
273 children was assessed by B-ECOHIS using the parent/caregivers’ proxy 
report. Three years later, 147 parents/caregivers filled in the questionnaire 
while the children, now aged 9 to 10, were interviewed. T-test and one-way 
ANOVA were used for statistical analysis. Results: No difference was 
observed between treatment protocols in regard to the children’s OHRQoL 
(p=0.41). A significant reduction in the parent distress domain was observed 
when baseline and parents’/caretakers’ responses after three years (p=0.01) 
were compared. The level of agreement between the parents’/caregivers’ and 
children’s scores was low. Children scored lower on the impact of oral health 
on their quality of life than their parents/caregivers did (p<0.0001). 
Conclusion: Use of the UCT, a largely none-restorative protocol, leads to a 
perception of OHRQoL by parents/caregivers that is similar to the ART and 
CRT protocols after three years. Parent distress decreased over time. 
Children and parents/caregivers disagree about children’s OHRQoL.  
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4.1 Introduction 
 
Over the past decade, the impact of oral health on the daily life and general 
health and well-being of individuals has been studied not only quantitatively 
but also qualitatively through measuring individuals’ physical, psychological 
and social health-related dimensions. This multidimensional viewing of oral 
health-related quality of life (OHRQoL) provides essential information for 
determining treatment needs and making clinical decisions and for evaluating 
interventions, services and programmes in public health services (1-3).  
A decade ago, the Early Childhood Oral Health Impact Scale 
(ECOHIS) was developed to assess the impact of oral diseases on the quality 
of life of children aged 3 to 5 (4). Owing to the young age of the children, 
parents fill in the ECOHIS questionnaire. This changes when children reach 
cognitive and emotional maturity (5). It is recommended that, once the 
children reach sufficient maturity, both children and parents/caregivers fill in 
the questionnaire as they provide complementary information about the real 
impact of a particular disease on the quality of life of the child (5). Moreover, 
dental and facial development changes drastically throughout childhood and 
adolescence (6), reinforcing the idea that collecting information from both 
parents and children is able to provide a more accurate depiction of the 
children’s quality of life than the children’s or their parents’ reports alone (7). 
In 2009, a clinical trial was started in a deprived area of Brasília, Brazil 
that compared the effectiveness of three treatment protocols for managing 
tooth cavities in primary molar teeth of 6-7-year-old children. The protocols 
investigated were: Conventional Restorative Treatment (CRT), Atraumatic 
Restorative Treatment (ART) (8) and the Ultra-Conservative Treatment (UCT) 
(9), which is a largely none-restorative. The validated Brazilian version of 
ECOHIS (B-ECOHIS) was applied for comparing the effect on the quality of 
life among the children of the different treatment protocols at baseline (10) 
and after one year (11). As no long-term investigation into the effect of 
different treatment protocols on the quality of life of children has been 
undertaken, the children were subjected to the B-ECOHIS again after three 
years. At this time, the children were aged 9 and 10 and were considered to 
have developed sufficient intellectual skills to provide answers to the 
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questions in the B-ECOHIS themselves, in addition to the answers provided 
by their parents/caregivers.  
A systematic review concluded that the agreement between the 
reporting of parents/caregivers and children’s self-reporting of health-related 
quality of life is greater for the more observational functions (physical) than for 
the non-observational functions (emotional or social domains) (12). In a study 
that aimed to compare children-caregiver agreement regarding child quality of 
life in a cohort of children seeking cleft treatment, it was observed that 
children scored higher than their parents for the domains “functional”, “oral 
symptoms” and “emotional” (7). However, the concordance between parents 
and children in regard to dental caries is not known. As we could not trace a 
long-term study on the level of agreement between parents/caregivers and 
children in their assessment of the dimensions of the (B)-ECOHIS, the 
questionnaires given to the children and those given to the parents/caretakers 
were analysed for their level of agreement.  
The present study aimed to: (i) assess the oral health-related quality of 
life of children treated according to three treatment protocols after three years; 
and (ii) assess the level of agreement between parents/caregivers and 
children in responding to the B-ECOHIS after three years.  
 
4.2 Materials and Methods 
 
The trial was approved by the Research Ethics Committee of the University of 
Brasília Medical School (reference 081/2008) and was registered at the Dutch 
Trial Registration Centre (reference 1699).  
 
4.2.1 Sampling procedure 
 
The sample of subjects for the present investigation was nested in an oral 
health epidemiological survey of 6- and 7-year-old children attending primary 
schools in a socially deprived suburban area (Paranoá) of Brasília, Brazil (13). 
Only children whose parents/guardians had signed an informed consent form 
that explained the voluntary nature of participation and the content of the trial 
were included in the study. Children were allocated to three treatment 
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protocols: CRT as the control, and ART and UCT as the test protocols. At 
baseline, no statistically significant differences were observed for gender, 
mean dmft- and mean DMFT-scores, and type of tooth surface among the 
children in the three treatment protocols.  
 
4.2.2 Provision of treatment 
 
Clinical procedures in the three treatment groups followed a standardized 
protocol developed after a pilot study was carried out that served for training 
and calibrating the operators. Three paediatric dentists, assisted by trained 
dental ancillaries, treated children on the school premises during May-July 
2009.  
Prior to the treatment, all children received an oral hygiene kit that 
contained a toothbrush, fluoridated dentifrice, plaque-disclosing dentifrice and 
dental floss. They were collectively shown how to use the kit and were 
informed about good diet habits. A brochure showing how to clean their teeth 
effectively was presented to them and they were told to show it to their 
parents/caregivers.  
Conventional Restorative Treatment (CRT) protocol: in accordance with the 
CRT protocol, dentine carious cavities in primary molar teeth were treated 
with rotary instruments and restored with amalgam (Permite Regular set®, 
SDI, Melbourne, Australia). Cavity outline followed Black’s principles of cavity 
design, but without “extension for prevention”. Local anaesthesia was 
administered to 21 children (14). 
Atraumatic Restorative Treatment (ART) protocol: dentine carious cavities in 
primary molar teeth were restored according to the ART method as described 
by Frencken et al (15), using only hand instruments and a high-viscosity 
glass-ionomer (Ketac Molar Easymix®, 3M ESPE, Seefeld, Germany). A 
trained dental assistant mixed the glass-ionomer on a glass plate with a metal 
spatula. Local anaesthesia was administered to four children (14). 
Ultra-Conservative Treatment (UCT) protocol: small dentine carious cavities 
were treated according to the ART method. Medium-sized dentine carious 
cavities in primary molar teeth were not restored, but enlarged with a hatchet 
(Henry Schein®) to facilitate biofilm removal with a toothbrush and fluoridated 
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toothpaste (1,000 ppm) from within the cavity. Large dentine carious cavities 
in primary molar teeth were also left unrestored and cleaned as for medium-
sized cavities. A trained dental assistant supervised the tooth brushing daily 
on schooldays during the trial period. The classification of cavity size in 
primary molars was based on a previous study (16). 
 
4.2.3 Oral health-related quality of life: Evaluation 
 
The OHRQoL was assessed using the Brazilian validated version of the 
ECOHIS questionnaire (B-ECOHIS) (17). The B-ECOHIS comprises 13 
questions, divided into two sections. The first nine questions are related to the 
oral health impact on the child’s quality of life (child section), while the last 
four questions concern the oral health impact on the quality of life of the 
child’s parents (parents section) (Table 4.1). The child section is further 
divided into four domains while the parent section is made up of two domains. 
Parents filled in the B-ECOHIS questionnaire at baseline (when the 
epidemiological survey took place), one year (11) and three years after 
treatment. At the three-year evaluation, children were interviewed 
independently by the first author at the school compound according to the 
shortened version of the B-ECOHIS, from which the parent session had been 
removed. The interviews took one day per school. The children were lined up 
outside the interview room and, after being interviewed, returned to the 
classroom.  
 
4.2.4 Statistical analysis 
 
Only questionnaires that were filled in by parents/caregivers and their children 
were used for the cross-sectional comparison. A statistician from the Dental 
College of the University of Nijmegen, the Netherlands, used SPSS (Chicago, 
IL, USA) to analyse the data. Mean scores of the responses from the B-
ECOHIS questionnaire obtained from parents at three years and at baseline, 
and from parents and children at three years were calculated, and tested 
using a paired t-test. One-way ANOVA was applied in testing for effects of the 
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treatment protocols on the mean B- ECOHIS scores for the longitudinal 
assessment. A statistically significant difference was set at α = 0.05. 
 
4.3 Results 
 
4.3.1 Description of subject 
 
A flow diagram of the study is presented in Figure 4.1. Of the 302 6- to 7-year-
old children who were treated at baseline, 273 parents filled in the B-ECOHIS 
questionnaire at baseline and 147 at three years, resulting in a response rate 
of 53.8%. Of these, 78.9% were filled in by mothers, 10.6% by fathers and 
10.5% by caregivers. 
 
Table 4.1 The Early Childhood Oral Health Impact Scale (ECOHIS) questionnaire by child 
and parent sections and domain group (4) 
 
1. How often has your child had pain in the teeth, mouth or jaws? (Child 
symptoms domain) 
How often has your child… because of dental problems or dental treatments? (Child 
function domain) 
2. had difficulty drinking hot or cold beverages 
3. had difficulty eating some foods 
4. had difficulty pronouncing any words 
5. missed preschool, daycare or school 
How often has your child… because of dental problems or dental treatments? (Child 
psychological domain) 
6. had trouble sleeping 
7. been irritable or frustrated 
How often has your child… because of dental problems or dental treatments? (Child 
self-image/social interaction domain) 
8. avoided smiling or laughing when around other children 
9. avoided talking with other children 
How often have you or another family member… because of your child’s dental 
problems or dental treatments? (Parent distress domain) 
10. been upset 
11. felt guilty 
How often… (Family function domain) 
12. have you or another family member taken time off from work… because of 
your child’s dental problems or dental treatments? 
13. has your child had dental problems or dental treatments that had a financial 
impact on your family?  
_________________________________________________________________________ 
Response options: 0 = never to 4 = very often, 5 = don’t know  
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Figure 4.1 Study flow diagram 
 
 
 
The non-response analysis did not show a statistically significant 
difference between respondents and non-respondents with regard to age 
(p=0.69), gender (p=0.15), mean d2mft score (p=0.36), mean d3mft score 
(p=0.35), mean D2MFT score (p=0.20) and mean D3MFT score (p=0.07) at 
baseline; self-reported toothache at baseline (p=0.70); treatment protocol 
(p=0.70); and results of the B-ECOHIS domains (p>0.11).  
 
4.3.2 Description of B-ECOHIS over the three-year period 
 
The mean scores and standard error (SE) and P-value of B-ECOHIS at 
baseline and three years by domains are presented in Table 4.2. A 
statistically significant difference between the mean scores over the three 
years was found for the domain “parent distress” only (p=0.01). 
Parents/caregivers felt less stressed with respect to their children’s oral health 
at three years than at baseline. No statistically significant difference between 
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the mean scores for all domains combined over the period of the three years 
was observed (p=0.95). 
The mean scores and standard error (SE) and P-value of the B-
ECOHIS responses at baseline and three years by domains and by protocols 
are presented in Table 4.3. There was no statistically significant difference in 
mean B-ECOHIS scores for all the domains between the protocols over the 
period of three years (p=0.41: ANOVA). This implies that, taking the 
parents’/caregivers’ perception into account, the effect of the UCT treatment 
on the children’s oral health quality of life was not statistically significantly 
different from the effect of CRT and ART over the three year period.  
 
 
Table 4.2 Mean scores ( ) of Brazilian version of the Early Childhood Oral Health Impact 
Scale (B-ECOHIS) between baseline and three year follow-up, standard error (SE) and P-
value by B-ECOHIS domains 
 
  Baseline 3 years  
Domains N ( ) SE ( ) SE P  
Child symptoms 141 1.48 0.09 1.62 0.07 0.15 
Child function 145 0.76 0.06 0.80 0.06 0.56 
Child psychology 144 0.87 0.08 0.86 0.08 0.97 
Child social interaction 137 0.46 0.07 0.47 0.07 0.93 
Parent distress 141 1.06 0.09 0.78 0.08 0.01 
Family function 145 0.54 0.06 0.58 0.07 0.53 
Overall 147 0.80 0.05 0.81 0.05 0.95 
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Table 4.3 Mean scores ( ) of the Early Childhood Oral Health Impact Scale (B-ECOHIS) 
between baseline and three year follow-up, standard error (SE) and P-value for t-test by B-
ECOHIS domains and by treatment protocol 
 
Domains and protocols N     Baseline  
          ( ) 
   3 years 
       ( )  
  Diff.    P     95% CI 
Child symptoms (p=0.45 – ANOVA)       
CRT 60 1.28 1.48 0.27 0.08 -0.04 – 0.57 
ART 35 1.73 1.81 0.09 0.63 -0.27 – 0.44 
UCT 46 1.57 1.57 0 1 -0.31 – 0.31 
Child function (p=0.80 – ANOVA)       
CRT 63 0.61 0.68  0.07 0.53 -0.14 – 0.27 
ART 37 0.86 0.95  0.09 0.54 -0.20 – 0.37 
UCT 45 0.86 0.82 -0.03 0.83 -0.31 – 0.25 
Child psychology (p=0.90 – ANOVA)       
CRT 63 0.65 0.70  0.05 0.54 -0.23 – 0.33 
ART 37 1.04 1.09 -0.03 0.89 -0.43 – 0.37 
UCT 44 1.01 0.93 -0.06 0.74 -0.44 – 0.33 
Child social int. (p=0.40 – ANOVA)       
CRT 61 0.39 0.39 0 1 -0.24 – 0.24 
ART 35 0.45 0.65  0.19 0.27 -0.15 – 0.52 
UCT 41 0.60 0.4 -0.13 0.45 -0.49 – 0.22 
Parent distress (p=0.99 – ANOVA)       
CRT 61 0.94 0.69 -0.29 0.07 -0.60 – 0.03 
ART 38 1.24 0.96 -0.26 0.28 -0.74 – 0.22 
UCT 42 1.02 0.84 -0.27 0.15 -0.65 – 0.10 
Family function (p=0.25 – ANOVA)       
CRT 63 0.40 0.49 0.09 0.42 -0.13 – 0.30 
ART 38 0.56 0.75 0.17 0.19 -0.09 – 0.43 
UCT 44 0.69 0.56 -0.13 0.35 -0.39 – 0.14 
Overall (p=0.41 – ANOVA)       
CRT 63 0.65 0.68 0.03 0.76 -0.15 – 0.21 
ART 39 0.91 1 0.10 0.38 -0.13 – 0.32 
UCT 46 0.93 0.82 -0.11 0.35 -0.34 – 0.13 
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Table 4.4 Mean scores ( ) of Brazilian version of the Early Childhood Oral Health Impact 
Scale (B-ECOHIS) between children and parents, standard error (SE) and P-value by B-
ECOHIS domain 
 
  Children Parents  
Domains N ( ) SE ( ) SE P  
Child symptoms 144 1.08 0.10 1.60 0.07 <0.001 
Child function 146 0.42 0.04 0.81 0.06 <0.001 
Child psychology 146 0.53 0.07 0.93 0.08 <0.001 
Child social interaction 140 0.24 0.04 0.45 0.04 0.001 
Child section overall 147 0.47 0.07 0.86 0.05 <0.001 
 
 
4.3.3 Children and parents’ reports of B-ECOHIS three years from treatment 
implementation 
 
Table 4.4 shows the mean B-ECOHIS scores, their standard error (SE) and 
P-value between children and their parents/caregivers by domain at three 
years. The respondent children comprised 48% boys and 52% girls, aged 
between 9 and 10. The mean B-ECOHIS scores for parent/caregiver for all 
domains in the “child section” were statistically significantly higher than the 
mean scores for children’s self-report (p<0.0001). The mean B-ECOHIS score 
for each domain was on average 50% higher for parents/caregivers than for 
children. Children’s perception of the impact of the treatment protocols on 
their quality of life was higher than the perception their parents/caregivers had 
of it. 
 
4.4 Discussion 
 
The present study was designed to investigate two objectives: how the three 
treatment protocols impacted on the quality of life of children after three years 
and how high the level of agreement was regarding the assessment of 
children’s OHRQoL by parents/caregivers and by the children themselves. 
 84 
 
The present study showed no difference in children’s OHRQoL across the 
three treatment protocols but showed a decrease in parent distress after three 
years. The level of agreement between the children’s OHRQoL perception 
and that of their parents was low. 
The (B)-ECOHIS was developed for use with 3-5-year olds but was 
applied to 6-7-year olds in the present clinical trial. This instrument was used 
as no OHRQoL assessment instrument was available for this age group when 
the trial started or even today. Both at baseline and after one year the 
instrument was considered adequate for expressing children’s OHRQoL. 
Therefore, despite the fact that the B-ECOHIS has not been validated for 
children’s self-reporting, it is the only instrument available for comparing 
parents’/caregivers’ perception of the OHRQoL of the children with the 
perception of the children themselves over a long period. Children aged 9 and 
10 were able to respond to the questions of the B-ECOHIS with confidence. 
To reduce interview-bias, children were lined up outside the interview room 
and returned to the classroom without being able to talk to their classmates. 
Therefore, we think that reliable data from the children was collected. 
The response rate was 53.8%. Almost half of the drop-outs occurred 
because children changed school or left the suburb. The other half was due to 
parents/caregivers not returning the questionnaire, even after repeated 
requests. The non-response analyses did not identify a significant difference 
between the respondents and non-respondents with respect to background 
variables. Moreover, the outcome reflects the one-year follow-up analysis, in 
which the drop-out rate was low. This suggests that the findings of the present 
study do not seem to have suffered from selection bias.  
Over the three years, no difference in effect on OHRQoL across the 
three treatment protocols was found. This finding was also obtained after one 
year and shows that removing biofilm from within an open tooth cavity with 
toothbrush and toothpaste (UCT protocol) was as accepted by the 
respondents as restoring comparable tooth cavities with amalgam (CRT 
protocol) or high-viscosity glass-ionomer (ART protocol). This is an interesting 
finding as it was expected that parents of UCT children would score differently 
than parents of children exposed to the other protocols, as with UCT tooth 
cavities were left open, which might be expected to cause more discomfort. 
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However, as shown by Leal et al (10), the negative impacts of tooth 
extraction, pain and sepsis impacted more negatively on children’s OHRQoL 
than the presence of a tooth cavity. This outcome is reinforced by the fact 
that, even if a tooth cavity is left open in a primary tooth, in the absence of 
pain the tooth exfoliates symptomless, which minimises a possible negative 
impact on the quality of life of children (18). 
The only significant effect over the three-year period was a reduction in 
“parent distress”. This finding can be explained by the treatment the children 
received. The baseline quality of life data was collected before the treatments 
started. It is conceivable that, at that time, parents/caregivers were unhappy 
and felt guilty that their child had so many tooth cavities (almost six per child 
on average). That sadness and guilt diminished after the treatments had been 
completed. 
A significant difference was found in the mean B-ECOHIS score 
between parents/caregivers and children. Whether the mode of questionnaire 
administration (parents/caregivers filled in the questionnaire while children 
were interviewed) was a reason for the difference observed is unknown. 
However, previous studies have demonstrated that this difference does not 
affect the performance of the measurement (19, 20).   
The significant difference is expected. Eiser and Morse (12) affirm that 
children’s and parents’ views regarding the impact of a disease or a treatment 
are different, but that both are valid. In the present study, parents’/caregivers’ 
scores revealed the perception of a more negative impact than the children’s 
scores did. This may reflect real differences in perspectives and beliefs about 
the child’s health and well-being (21, 22). Differences in quality of life 
perception could reflect the fact that, as children get older, they spend more 
time away from parental supervision and share less of their experiences with 
parents. This means that, over time, parents’ knowledge regarding their 
children’s activities and relationships becomes limited (23). They seem to rely 
more on their memory than on what actually takes place with their children, 
while the children know exactly what takes place. Furthermore, where families 
reside in a deprived area (as in the current study), with a lack of access to 
many essential services, parents tend to express feelings of guilt when their 
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child exhibits oral health problems and/or treatment needs that are, therefore, 
not necessarily correctly perceived (24, 25).  
Despite the significant difference available in all B-ECOHIS domains 
between parents/caregivers and their children, the answers ranged between 
“never” and “hardly ever”. This reflects a low impact of oral conditions on the 
quality of life of the children after three years. Furthermore, the collection of 
the parents’ proxy report and children’s self-report in a parallel reporting 
model, as conducted in the present study, is increasingly recommended and 
should be seen as complementary, as the perspective of the parent has an 
important bearing on health care decisions with respect to a child and can 
contribute to the establishment of public policies aimed at improving oral 
health care (26, 27).  
In conclusion, the parents’/caregivers’ proxy report showed that the 
UCT treatment protocol was no different from the ART and CRT treatment 
protocols in the effect it had on children’s OHRQoL. Only the domain “parent 
distress” had a significant effect on the OHRQoL of the children after three 
years. The perception of parents/caregivers and children of the children’s 
OHRQoL differed significantly after three years. Despite this disagreement, it 
is important to consider the perceptions of both parents/caregivers and 
children regarding children’s in oral health research as they reflect different 
perspectives that are complementary. 
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ABSTRACT 
The null-hypothesis tested was that the rates of occurrence of microleakage 
at the margin of the tooth-restoration interface in primary molars restored with 
high-viscosity glass-ionomer cement (HVGIC) and amalgam do not differ. 
Methods: The HVGIC restorations were performed according to the ART 
method. A total of 19 naturally exfoliated primary molars (10 amalgam and 9 
ART/HVGIC) with clinically assessed intact restorations fulfilled the inclusion 
criteria. SEM analyses using replicas were performed to assess the micro-gap 
presence and size of the tooth-restoration interface The depth of a micro-gap 
was measured from histological sections after infiltration of 50% (w/v) AgNO3 
solution. Independent variables were restorative material, age of restoration 
and number of tooth surfaces. Data analyses included Fisher’s Exact version 
of the Chi-Square test, independent t-test and one-way ANOVA. Results: 
More ART/HVGIC than amalgam-restored teeth were gap free (p=0.14). 
Mean gap size for teeth with a gap between amalgam (322.0µm) and 
ART/HVGIC (201.0µm) restorations did not differ statistically significantly. 
AgNO3 infiltration showed no effects from restorative material and age of 
restoration. Infiltration in multiple-surface was higher than in single-surface 
restorations (p=0.02). The occurrence of marginal microleakage in primary 
molars restored by ART/HVGIC is no different from that observed in primary 
molars restored with amalgam. Microleakage was deeper in multiple-surfaces 
than in single-surface restorations. Significance: Despite the presence of 
microleakage at the tooth-restoration interface in primary molars with clinically 
assessed intact restorations, restoration functionality up to exfoliation is 
secured, reinforcing the importance of biofilm removal and patient behaviour 
education. 
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5.1 Introduction 
 
A tight marginal seal between the cavity and the restorative material is 
essential for long-term durability of the restoration (1). If the quality of the 
sealing is poor, micro-gaps and, subsequently, microleakage occur, which 
allow ions, fluids and bacteria to penetrate. This can lead to postoperative 
hypersensitivity, secondary carious lesion development and marginal 
discolouration (2,3). Restorations’ marginal integrity is influenced by different 
factors, including the physical properties of the restorative material and the 
operative technique (3,4).  
 For more than a century amalgam has been the restorative material of 
choice for load-bearing restorations in posterior teeth and, despite the 
Minamata Treaty on Mercury in 2013 (5), which determined that amalgam 
should be phased out of oral health, amalgam is still used in many countries. 
Other currently available restorative materials for both primary and permanent 
posterior teeth are resin- and glass-ionomer- based. These materials share 
the ability, different from amalgam, to adhere to dental tissues, but through 
different mechanisms. Owing to this ability, it was initially thought that 
microleakage would be reduced in teeth restored with composites in 
comparison to amalgam, but the literature shows that microleakage at the 
tooth-restoration interface is not unusual in resin-based restorations (6,7). 
 As glass-ionomer-based restorative materials adhere to tooth structure 
by physicochemical interactions (8), it could be expected that microleakage 
would show a different pattern in cavities restored with this material. However, 
literature findings regarding this topic are controversial, as significant 
differences (9) and no differences (10) have been reported regarding 
microleakage when comparing glass-ionomer-based with resin composite-
based restorations.  
 With regard to the methods used to assess the presence of 
microleakage along the cavity-restoration interface in an in vitro experimental 
design, the most commonly used tracers have contained dye or chemical 
markers, such as silver nitrate solution (2,11). For the assessment of micro-
gaps, methods that do not destroy tooth structure, including scanning 
eletromicroscopy (SEM), micro computed tomography (micro-CT) and optical 
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coherence tomography (OCT), have been used. These methods have allowed 
the determination of not only the presence of a micro-gap but, through a 
three-dimensional high-resolution image, also the measurement of the gap 
width and length (12-14).    
 In vitro (14) and in situ (15) investigations under controlled 
experimental conditions have shown that microleakage occurs but these 
models restrict the extrapolation of results to the clinical situation. To 
overcome this limitation, an ex vivo model can be used as it provides a golden 
opportunity to assess the presence of micro-gaps and microleakage in 
clinically successful restorations.  
 In 2009, a controlled quasi-randomised clinical trial was started in 
Paranoá, an area of the Federal District of Brazil, which compared three 
different treatment protocols for managing dentin cavitated carious lesions of 
primary molars in children aged 6 to 7. The applied protocols were: i) 
Conventional Restorative Treatment (CRT), in which cavities were prepared 
with rotary instruments and restored with amalgam; ii) Atraumatic Restorative 
Treatment (ART), in which cavities were cleaned with hand instruments and 
restored with high-viscosity glass-ionomer cement (HVGIC); and iii) Ultra-
Conservative Treatment (UCT), which consisted of a combination of the ART 
approach to restoring small cavities and the removal of biofilm with toothpaste 
and toothbrush from medium- and large-sized cavities under daily supervision 
during school days (16). Some of these teeth were collected during exfoliation 
and an ex vivo experiment was designed to evaluate the presence of 
microleakage at the tooth-restoration interface of amalgam and ART/HVGIC 
restorations. 
The null-hypothesis tested was that the rate of occurrence of 
microleakage at the margin of the tooth-restoration interface in primary molars 
restored with HVGIC, belonging to both the ART and UCT groups, does not 
differ from that observed in primary molars restored with amalgam belonging 
to the CRT group.  
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5.2 Materials and Methods 
 
The trial was approved by the Research Ethics Committee of the University of 
Brasília Medical School (reference 081/2008) and was registered at the Dutch 
Trial Registration Centre (reference 1699). The consent form, signed by the 
parents or caregivers, contained a section about the collection and analysis of 
exfoliated primary teeth.  
 
5.2.1 Study design  
 
Children from all of the six available public schools in Paranoá were quasi-
randomly allocated to the treatment protocols, with the school as the unit of 
selection. Study inclusion criteria were: i) good general health; ii) at least two 
dentine cavitated carious lesions in primary teeth; and iii) the absence of pain 
and pulp involvement in those teeth. Three paediatric dentists, trained in the 
application of the different protocols and assisted by trained chair-side 
assistants, implemented the clinical procedures at the school compound 
following a standardised protocol developed after a pilot study used for 
training and calibrating the operators between May and June 2009. Detailed 
information of the study design and implementation is available elsewhere 
(16). 
 
5.2.2 Treatment protocols 
 
The treatment protocols were as follows.  
Conventional Restorative Treatment (CRT): The teeth were isolated using 
cotton wool rolls and a suction device. The carious dentin cavities were 
prepared with rotary instruments and restored with amalgam (Kit Allows 
Regular®, SDI, Melbourne, Australia). Cavity preparation followed the GV 
Black principles, without "extension for prevention". In deep cavities, a 
calcium hydroxide (Ca(OH)2) layer was applied. A wooden wedge and a steel 
matrix band (injected®, Diadema, São Paulo, Brazil) in a Tofflemire matrix 
retainer (Golgran®, São Paulo, Brazil) were used for obtaining proximal 
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contact. The bite was recorded and excess material was removed with a 
rotary instrument. 
Atraumatic Restorative Treatment (ART): Tooth isolation was obtained using 
cotton wool rolls. Dentine cavities were accessed and cleaned with hand 
instruments only (ART Kit®; Henry Schein, Chicago, USA) and restored using 
Ketac Molar Easymix® (3M ESPE, Seefeld, Germany). In deep cavities, a 
calcium hydroxide (Ca(OH)2) layer was applied. A wooden wedge and a steel 
matrix band (injected®, Diadema, São Paulo, Brazil) in a Tofflemire matrix 
retainer (Golgran®, São Paulo, Brazil) were used for obtaining proximal 
contact. After cleaning, the cavity was conditioned for 10 seconds with a wet 
cotton wool pellet in diluted glass-ionomer liquid, washed with water for 
5 seconds with a wet cotton wool pellet and dried for 5 seconds with a dry 
cotton wool pellet. The assistant, previously trained, mixed the powder and 
liquid on a glass plate with a metal spatula, according to the manufacturer's 
instructions. The mixture was inserted into the cavity in increments, using an 
applier/carver instrument (ART Kit®). The cavities were completely filled with 
the HVGIC and pressed down with a gloved finger coated in petroleum jelly, 
which created a sealant-restoration. The bite was recorded and excess 
material was removed with the applier/carver (ART Kit®). The restoration was 
protected with petroleum jelly and the patient was told not to eat for at least an 
hour. 
Ultra-Conservative Treatment (UCT): Small dentine cavities were treated 
according to the ART protocol. Medium and large carious lesions in dentine 
were not restored but expanded if necessary with a hatchet (ART Kit®) to 
facilitate biofilm removal from within the cavity with a toothbrush and fluoride 
toothpaste (1 100 ppm). 
Throughout the study period, a trained dental assistant supervised the 
daily brushing at school – 200 days a year. The children were advised to 
clean their teeth during the holidays and during periods of school recess in the 
same way daily.  
Clinical evaluations of all restorations were conducted after 0.5-, 1-, 2- 
and 3 years by two independent and calibrated evaluators, using ART 
restoration criteria (Table 5.1). The inter-evaluator consistency over the 
evaluation period was 0.75 (kappa coefficient) (17).    
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Table 5.1. ART evaluation criteria used to assess restorations  
 
Code Criteria 
0 Present, satisfactory 
1 Present, slight deficiency at cavity margin less than 0.5 mm* 
2 Present, deficiency at cavity margin of 0.5 mm or more* 
3 Present, fracture in restoration 
4 Present, fracture in tooth 
5 Present, overextension of approximal margin of 0.5 mm or more 
6 Not present, most or all of restoring missing 
7 Not present, other restorative treatment performed 
8 Not present, tooth is not present 
9 Unable to diagnose 
C Dentine carious lesion present 
 
* As assessed using the 0.5-mm ball end of a metal Community Periodontal Index (CPI) 
probe.  
 
 
5.2.3 Teeth collection and storage 
 
Throughout the 3.5 years-long trial, the children were monitored regularly. As 
primary molars in this age group normally start exfoliating 2 years after the 
implementation of the treatments, children were encouraged to contact the 
dental assistant when they felt a primary molar to be wobbling. The dental 
assistant informed the first author, who went to the school and removed the 
wobbling tooth. Immediately after collection of the tooth, it was stored in saline 
solution. Then it was gently cleaned with a toothbrush and stored at 4° C in a 
0.1% thymol solution until the start of the evaluation. The inclusion criteria 
consisted of teeth with restorations: i) clinically assessed as successful – 
codes 0 and 1 of the ART criteria (Table 1) and ii) having no secondary 
carious lesion. The first author assessed teeth condition according to the ART 
restoration criteria before subjecting the teeth to the assays. The scores 
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obtained were compared to those from the clinical evaluation. No difference 
was observed.  
Prior to the assays, a pilot study was conducted using natural teeth, not 
included in the study, under SEM. This test showed dehydration of the sample 
teeth and fracture in the body of the restoration in some areas, which resulted 
in shrinkage of the restoration. The latter result may negatively influence the 
presence and width of micro-gaps at the tooth-restoration interface. The pilot 
study led to the decision to use replicas.  
 
5.2.4 Scanning Electron Microscopy (SEM) 
 
SEM was used for detecting the presence or absence of micro-gaps at the 
tooth-restoration interface. Impressions of the sampled teeth were taken using 
polyvinyl siloxane (Virtual®, Ivoclar Vivadent AG, Schaan, Liechtenstein) and 
casted with epoxy resin (Epofix®, Struers, Ballerup, Denmark). The replicas 
were sputtered using platinum under reduced pressure for observation under 
SEM (JEOL JSM 7001-F®, Japan) at different magnifications at an 
acceleration voltage of 15 kV. The tooth-restoration interface was assessed 
according to the following criteria by an experienced microscopist and the first 
author: no micro-gap present (code 0) and micro-gap present in at least one 
area (code 1). If code 1 was given, the micro-gap width, measured by the 
distance between the tooth surface and the margin of restorative material in 
an occlusal/proximal view, was measured by Digital Micrograph® 3.6.5 
computer software (Gatan, Pleasanton, CA, USA). The software corrected the 
width measurement by the magnification of the acquired image. In cases 
where an area showed more than one gap, the largest gap was used in the 
database (Figure 5.1). In case of disagreement between the evaluators, 
discussion was held until consensus was reached.  
 
5.2.5 Silver nitrate infiltration 
 
After the surface of the sampled teeth had been coated with two layers of nail 
varnish up to 1 mm from the restoration margin, the teeth were firmly 
embedded in resin blocks. Teeth were immersed in an aqueous silver nitrate 
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solution (AgNO3) at 50% concentration (w/v) (pH = 3.9) and protected from 
light contact for a period of 6 h. After immersion, the teeth were rinsed with 
distilled water for 5 minutes and immersed in a developing solution for 12 h 
under fluorescent light. Excess developer was removed by washing the teeth 
in running water for 5 minutes. Then, the teeth were sectioned longitudinally 
by a slow-speed diamond-coated disk under water cooling. The section was 
made at the central area of the restoration in mesio-distal direction and 
separated the buccal and lingual surfaces. 
An experienced staff member of the Faculty of Dentistry at the 
University of Brasília photographed the histological tooth sections, using a 
digital camera Nikon D70 (Nikon, Ayutthaya, Thailand), equipped with a 
Sigma lens 105 mm (Sigma, Fukushima, Japan), under the same lighting 
conditions. The photographs were standardised for size, colour and contrast 
using Adobe Photoshop CS5 (San Jose, CA, USA). 
 
Figure 5.1. SEM image of a multiple-surface amalgam restoration showing three areas with 
micro-gaps of different width
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Two trained evaluators (RNC, SCL) evaluated the histological 
photographs at the tooth-restoration interface independently according to 
criteria that were based on the depth of silver nitrate infiltration (18): Score 0 – 
no infiltration visible; Score 1 – infiltration up to half the depth of the tooth-
restoration interface; Score 2 – infiltration beyond the half depth of the tooth-
restoration interface, but without involvement of the deepest area 
(correspondent to axial wall of the cavity); and Score 3 – infiltration along the 
deepest area (correspondent to axial wall of the cavity) (Figure 5.2).  
The scores had a different distribution for those teeth with single- and 
multiple-surface cavities as illustrated in Figure 5.2. For single-surface 
restorations, the scores were attributed with only one axis (occlusal) of tooth-
restoration interface considered while for multiple-surface restorations two 
axes of tooth-restoration interface, the occlusal and the proximal, were 
considered.  
Disagreements between the reviewers were discussed until consensus 
was reached.  
 
5.2.6 Statistical analysis 
 
The analyses were performed by a biostatistician using SPSS (Chicago, 
US ). The outcome “presence of gap” was compared between other nominal 
variables using Fisher’s Exact version of the Chi-Square test. The size of a 
gap was compared between the two materials and between single- and 
multiple-surface restorations, using the independent t-test. The comparisons 
of gap sizes between the groups with different micro-infiltration scores were 
made using one-way ANOVA. 
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Figure 5.2. Distribution of restorations scores attributed according to the depth of penetration 
of silver nitrate solution and the number of surfaces involved. (A): single-surface restorations; 
(B): multiple-surface restorations 
 
 
 
5.3 Results 
 
5.3.1 Disposition of teeth  
 
A total of 50 teeth were collected, of which 19 belonged to the CRT group, 18 
to the ART group and 13 to the UCT group. Following the inclusion criteria, 
the sample comprised 19 teeth, 10 restored with amalgam and 9 restored with 
HVGIC (6 belonged to the ART group and 3 to the UCT group). Only one 
restored tooth had a clinical evaluation code 1 (HVGIC). All other restored 
teeth showed a clinical evaluation code 0.  
Teeth were distributed according to restorative material, age of 
restoration and number of surfaces (Table 5.2). The number of teeth with 
multiple-surface restorations was higher than single-surface restorations in 
both treatment groups. There was no statistically significant difference (p = 
0.24) in mean age of all amalgam-restored teeth (2.65 yrs ± 0.61 (SD)) and all 
ART/HVGIC-restored teeth (2.68 yrs ± 0.60 (SD)). For all teeth, those 
restored with single- and multiple surfaces were aged 2.56 years and 2.71 
years respectively.  
  
 102 
 
Table 5.2. Distribution of teeth by independent variable and by restorative material 
 
Amalgam ART/HVGIC  
Mean age of restoration ± SD 2.65 ± 0.61 2.68 ± 0.60 
Number of surfaces 
          N single-surface 
          N multiple-surface 
 
1 
9 
 
4 
5 
SD = Standard deviation; ART/HVGIC = Atraumatic Restorative Treatment and high-viscosity 
glass-ionomer cement 
 
 
5.3.2 Presence of micro-gaps at the tooth-restoration interface on SEM 
images  
 
Table 5.3 shows the distribution of micro-gaps at the tooth-restoration 
interface evaluated by SEM from replicas, and the mean and standard 
deviation (SD) gap size score (µm) for those teeth with a gap by restorative 
material and number of surfaces. More ART/HVGIC than amalgam-restored 
teeth were gap free (p = 0.141). Micro-gaps were observed more frequently 
among teeth with multiple-surface than with single-surface restorations (p = 
0.262). There was no statistically significant difference observed between the 
mean gap size of ART/HVGIC-restored (201.0 µm) and amalgam-restored 
(322.0 µm) teeth with gaps (p = 0.259), and between teeth with single-surface 
(221.6 µm) and multiple-surface (243.2 µm) restorations (p = 0.858) for teeth 
with a gap.  
 
5.3.3 Silver nitrate infiltration on histological photographs 
 
The distribution of depth scores of silver nitrate infiltration by restorative 
material and number of surfaces assessed from photographs are shown in 
Table 5.4. Three amalgam and one ART/HVGIC restoration showed no 
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infiltration. Of the nine restored teeth that showed a maximum depth of 
penetration (score 3), six were amalgam restorations. Multiple-surface 
restorations showed a higher number of infiltration scores when compared to 
single-surface restorations. Of the nine restorations with score 3, eight were 
multiple-surface restorations. There was no effect of restorative material (p = 
0.20) and age of restoration (p = 0.63). There was an effect of number of 
surfaces (p = 0.02). The ART/HVGIC restoration that had a slight marginal 
defect (clinically scored code 1) received a score 3. 
Figure 5.3 illustrates the assays performed to evaluate the marginal 
sealing of amalgam and ART/HVGIC restorations in some of the teeth 
selected for the study. 
 
 
 
Table 5.3. Distribution of micro-gaps at the tooth-restoration interface evaluated by SEM from 
replicas, and the mean and standard deviation (SD) gap size score (µm) for those teeth with a 
gap by restorative material and number of surfaces 
                                       Micro-gap  
Absent             Present  Gap size ±SD         Diff [CI] 
Amalgam         1        9  201.0 ± 159.2 121.0[-102.6-344.7] 
ART/HVGIC         4        5  322.0 ± 193.0  
 
Single-surface         3        3  221.6 (185.5) 21.6 [-238.4-281.5] 
Multiple-surface      2      11  243.2 (178.0) 
ART/HVGIC = Atraumatic Restorative Treatment and high-viscosity glass-ionomer cement 
Diff [CI] = Difference of the mean with Confidence Interval 
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Table 5.4. The distribution of depth scores of silver nitrate infiltration by restorative material 
and number of surfaces (single, multiple) assessed from histological photographs 
Depth score Amalgam ART/HVGIC Single        Multiple 
 Nteeth Nteeth Nteeth            Nteeth 
0 3 1 2                  2 
1 0 3 3                  0 
2 1 2 0                  3 
3 6 3 1                  8 
Nteeth = Number of teeth. ART/HVGIC = Atraumatic Restorative Treatment and high-viscosity 
glass-ionomer cement 
 
5.4 Discussion 
 
5.4.1 Research methodology 
 
Reports showing results of marginal microleakage obtained from in vitro 
studies showed a weak correlation with the clinical performance of restorative 
materials (3). This limitation is in part overcome if an ex vivo model is used. 
This model enables analysis of aged teeth and reflects the real oral 
environment with its multiple and complex interactions. Primary teeth are an 
ideal object for this model because of their temporary stay in the mouth. 
Unfortunately, only a few studies have reported the use of these teeth (19,20).  
 The present report is a secondary outcome of a quasi-randomised 
clinical study aimed at evaluating different treatment protocols for the 
management of cavitated dentin lesions in primary molars. Initially, children 
were asked to bring exfoliated primary molars to the school. However, this 
approach did not yield any exfoliated teeth. The teeth collection method was 
changed by the first author’s visiting the schools periodically and examining 
the children. Any wobbling tooth was removed by hand.  Overall, this process 
limited the number of exfoliated teeth available. It did provide a non-selective 
sampling of teeth. The larger number of teeth with multiple-surface 
restorations obtained in the present investigation reflects the higher number of 
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multiple-surface cavities restored at start (17). But despite the extensive 
efforts performed by the authors to obtain a high number of exfoliated teeth, 
the number of collected teeth was low. This number has reduced the power of 
the present investigation.  
 
Figure 5.3. Photomicrographs of teeth with amalgam (lines 1 and 2) and ART/HVGIC 
restorations (lines 3 and 4). (A): clinical evaluation of restorations. Lines 1-3 scored as Code 
0 using ART criteria; line 4 scored as Code 1; (B): histological images of teeth showing dye 
penetration depth in an amalgam restoration (line 2) and an ART/HVGIC restoration (line 4); 
(C) photomicrographs by SEM of selected teeth  
 
 
 
Only a few methods are available for assessing microleakage at the 
tooth-restoration interface. One such method concerns the microCT as it 
enables a three-dimensional quantitative and non-destructive analysis of the 
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teeth (13,21). However, it cannot be used for metal restorations such as 
amalgam, which prevented its application in the present study. The choice of 
evaluating microleakage from replicas by SEM enabled the analysis of the 
margin of restorations of both materials. The method preserved tissue 
structure, which made it possible to perform the silver nitrate solution 
infiltration assay with the same original sample teeth. The present study 
showed the two assessment methods used to be efficient and 
complementary, with the former providing a topographical view of marginal 
sealing of the restoration and the latter enabling the internal assessment of 
the tooth-restoration interface. 
 
5.4.2 Main findings 
 
This is the first ex vivo study to compare the presence of marginal 
microleakage in primary teeth restored with amalgam and HVGIC according 
to the ART method. The null-hypothesis was not rejected. The occurrence of 
marginal microleakage in primary molars restored by the ART method and 
belonging to the ART and UCT groups did not differ from those observed in 
primary molars restored with amalgam from the CRT group. There was no 
statistically significant difference in microleakage at the restoration margin 
between the two material groups evaluated either by SEM or by silver nitrate 
infiltration. Although only 19 teeth were investigated, the micro-gaps and 
microleakage distribution over both groups revealed a similar pattern, 
presenting both conditions in the majority of teeth. 
Clinical studies have shown that amalgam and ART/HVGIC multiple-
surface restorations have lower survival rates than single-surface restorations 
[22-25]. The significantly higher rate of infiltration of silver nitrate solution and 
the two-fold micro-gap width observed in multiple-surface compared to single-
surface restorations indicate a higher susceptibility of the former restorations 
to marginal leakage and restoration failure.  
Because amalgam restorations do not bond to tooth tissue, the 
presence of microleakage at the tooth-restoration interface is expected. 
However, the formation of corrosion products along the amalgam restorations 
margins while aging is known (26). Corrosion products could fill the interfacial 
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gaps and seal them over time as well as keeping the margins free of carious 
lesion because of the cariostatic properties of amalgam (27). This process 
may explain the observation in the present study that older amalgam 
restorations tended to have a lower silver nitrate infiltration rate than younger 
ones. Microleakage of glass ionomer restorations was not expected 
considering the known adhesion to dental tissue of this material. However, in 
vitro studies have shown that microleakage occurs in restorations performed 
with different glass ionomers, which is in line with the results of the present ex 
vivo study (28,29).  
One of the aims of the present study was to correlate the successful 
restorations’ clinical score to the absence of marginal defects at the 
restoration-tooth interface on SEM and from histological photographs. 
Therefore, only those restored teeth that were judged clinically to be intact 
with no secondary carious lesions, were included in the study. The results 
showed that the micro-gaps were larger than necessary for the transit of 
cariogenic microorganisms (0.5 to 1.0 µm diameter) into the interface (30,31). 
As the majority of restorations showed microleakage at the tooth-restoration 
interface, a question arises: to what extent does the presence of microleakage 
at the restoration margin in these clinically judged intact primary molars 
predict the clinical success of the restoration? It appears that, even if 
microleakage at the tooth-restoration interface is present, the functionality of 
the primary molars is maintained and exfoliation without sepsis secured, as 
the present study suggested (32). A recent study investigated the survival of 
primary molars with defective restorations over 3 years. The results showed 
that 75.9% of teeth with a defective restoration survived without pain and 
sepsis, which questions the need to always rerestore defective restorations 
(33).  
A good marginal seal between the restorative and the tooth has been 
considered a protection against the occurrence of secondary carious lesion 
development. However, Jokstad (34) states that the development of 
secondary carious lesions is more often associated with the presence of a 
cariogenic biofilm than with the mechanical quality of the restoration itself. In 
the same line, Kuper et al. (27) and Nedeljkovic et al. (7) argue that patients’ 
carious lesion susceptibility may override the effect of gap size regarding 
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secondary carious lesion development. These assumptions are in accordance 
with the outcome of the main trial from which the sampled teeth of the present 
study were obtained. Only 5.2% of the defective amalgam and ART/HVGIC 
restorations occurred due to secondary carious lesion development (17).  
The results of the present study reinforce what has been mentioned for 
many years (35): restorative treatment alone, even if it is well performed with 
a good marginal seal, is not always sufficient to control carious lesion 
development for a long period. Biofilm needs to be removed from restored 
teeth regularly through toothbrushing and fluoride toothpaste while the patient 
needs to modify any bad oral health behaviour.  
 
5.5 Conclusion 
 
No difference was found in the level of marginal microleakage between 
primary molars restored with amalgam and those restored with HVGIC 
according to the ART method. Microleakage in primary molars with a multiple-
surface restoration was deeper than in primary molars with a single-surface 
restoration.  
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ABSTRACT 
 
Objectives: To quantify 1) the dentine mineral density (DMD) in teeth 
restored conventionally (CRT), according to ART and to ultra-conservative 
(UCT) protocols (open cavities and small ART restorations), and 2) 
underneath open cavities of teeth managed by UCT compared to non-treated 
open cavities. 
Methods: 55 teeth with restorations/open cavities were analysed, 39 restored 
teeth (9 CRT; 17 ART; 13 UCT) and 16 teeth with open cavities. Each 
restoration/open cavity was scanned using micro-CT with three 
hydroxyapatite discs of densities of 1.24, 1.33 and 1.57 g/cm−3 as reference 
points. Images were reconstructed and the greyscale images were converted 
into DMD values. For each restoration/open cavity, 15 measurements of 
dentine immediately underneath the restoration/open cavity and from the 
corresponding area in sound dentine were taken. DMD under the 
restoration/opened cavity was expressed as a percentage of the DMD of 
sound dentine. ANOVA and t-test were used for statistical analysis. 
Results: The mean DMD value underneath restorations of the ART protocol 
group (98.93%) was statistically significant higher compared to the DMD value 
of UCT protocol (91.98 %) but not of CRT protocol group (91.33%). In 
multiple-surfaces, mean DMD value in axial area (94.32%) was statistically 
significant higher compared to gingival area (92.80%). The mean DMD value 
of open cavities managed by UCT protocol (89.05%) was statistically 
significantly higher than for non-treated open cavities (83.90%). 
Conclusion: A dentine hypermineralised area underneath ART restorations 
was observed. Managing open cavities with toothbrush and fluoride 
toothpaste (UCT protocol) resulted in higher mineralised dentine underneath 
the cavity than in non-treated open cavities. 
Clinical Significance: ART restorations using a high-viscosity glass-ionomer 
cement had the highest mineral density in dentine underneath the restoration. 
The results support the positive effect of regular cleaning open cavities with 
fluoride toothpaste, as in UCT protocol, to permit symptomless exfoliation of 
these teeth. 
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6.1 Introduction 
 
The Global Oral Disease Study 2010 rated untreated cavitated dentine 
carious lesions in primary teeth as the 10th most prevalent disease worldwide 
[1]. Faced with such unresolved disease burden, the dental profession should 
be exploring potentially more efficacious alternative restorative measures for 
managing untreated dentine lesions. One such alternative is the Ultra-
Conservative Treatment (UCT) which consists of restoring small cavities with 
a high-viscosity glass-ionomer cement (HVGIC) according to the ART method 
and cleaning medium to large-sized cavities with a toothbrush and fluoridated 
toothpaste daily. UCT was shown to be as effective as Atraumatic Restorative 
Treatment (ART) and Conventional Restorative Treatment (CRT) using 
amalgam in guiding cavitated primary molar teeth to symptomless exfoliation 
over a period of 3.5 years [2]. In addition, parents’ perception of the Oral 
Health Related Quality of Life (OHRQoL) of UCT treated children was not 
significantly different from the OHRQoL of children treated according to the 
ART and UCT protocol after 1 year [3]. Despite these outcomes further 
studies, especially on the biochemical behaviour of the mineral tooth tissues 
in open cavities, are needed before the UCT protocol can be accepted as an 
appropriate alternative to managing cavitated primary teeth. 
The three-dimensional distribution of mineral content and its dynamic 
changes in demineralised dentine under cavities produced according to the 
three treatments protocols are not commonly assessed. The HVGIC’s used to 
perform ART restoration have been described as a potential dental material in 
assisting the process of teeth remineralisation [4-6]. Laboratory studies have 
reported the existence of a hypermineralised zone in dentine underneath 
HVGIC restorations which was ascribed to the migration of fluorine and 
strontium ions from the HVGIC into the demineralised dentine [7,8]. 
Increasing the mineral content of tooth tissues has been reported also for 
silver diamine fluoride application expressed as an increase in micro-
hardness of dentine carious lesions due to the high concentration of fluoride 
[9] and calcium and phosphate [10]. Similarly, it is known that the transient 
high fluoride concentration in the oral cavity after toothpaste use is 
responsible for positively tilting the balance of enamel and dentine 
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demineralisation towards remineralisation [11]. Such a pattern is to be 
expected from teeth with an open cavity that have been exposed to biofilm 
control through regular toothbrushing and fluoride toothpaste use for years as 
is contained in the UCT protocol.  
Most of the studies referred to above have been conducted in vitro and 
in situ. Despite the importance of such test models, in vitro tests have a 
limitation with respect to the reproduction of results in the multiple and 
complex interactions present in the oral environment. To overcome this 
limitation, primary teeth have been accepted as an ideal replacement ex vivo 
model for evaluating mechanical and chemical characteristics / interactions in 
tooth tissues with dental materials and/or the oral cavity. The techniques 
applied for evaluating demineralisation and remineralisation are extensive and 
include qualitative and quantitative methods. The assessment of dental 
tissues mineral density, which has been considered a standard parameter, is 
usually performed by methods such as cross-sectioned microhardness, 
radiographic techniques, iodide permeability and more recently 
microcomputed tomography [12]. 
Microcomputed tomography (micro CT) has been explored in a wide 
variety of applications in dental research. It has the advantage that it is non-
invasive, non-destructive and less time consuming than conventional 
methods, allowing a high-resolution bi- and tri-dimensional analysis of dental 
hard tissues [13]. More recently, the development of hydroxyapatite (HAP) 
standards (phantoms) has enabled the quantification of mineral density of 
both sound and carious enamel and dentine [14-16]. 
The objective of the present study is to quantify the mineral density of 
dentine under 1) the restoration/cavity in teeth treated according to the CRT, 
ART and UCT protocols and 2) under open cavities of teeth managed by the 
UCT protocol in comparison to teeth having a non-treated open dentine 
cavitated carious lesion assessed using micro CT and a HAP standard model. 
The null-hypothesis tested was that there would be no difference in dentine 
mineral density under the restoration/cavity across the three treatment 
protocols, and open cavities managed by the UCT protocol or non-treated.  
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6.2  Materials and Methods 
 
The trial was approved by the Research Ethics Committee of the University of 
Brasília Medical School (reference 081/2008) and was registered at the Dutch 
Trial Registration Centre (reference 1699). The consent form, signed by the 
parents or caregivers, contained a section about the collection and analysis of 
exfoliated primary teeth.  
 
6.2.1 Main study design  
 
Children from all six public schools in Paranoá, were quasi-randomly allocated 
to the treatment protocols with the school as the unit of selection. Study 
inclusion criteria were i) good general health; ii) at least two cavitated dentine 
carious lesions in primary teeth and; iii) the absence of pain and pulp 
involvement in those teeth. Three pediatric dentists, trained in the application 
of the different protocols and assisted by trained chair-side assistants, 
implemented the clinical procedures at the school compound following a 
standardized protocol developed after a pilot study used for training and 
calibrating the operators between May and June 2009. The treatment 
protocols were implemented when children were 6- and 7-years old. Detailed 
information of the study design and implementation is available elsewhere [2]. 
 
6.2.2 Treatment protocols 
 
Conventional restorative treatment (CRT): Isolation of the tooth was obtained 
using cotton wool rolls and a suction device. The dentine carious cavities 
were prepared with rotary instruments and restored with amalgam (Kit Allows 
Regular®, SDI, Melbourne, Australia). Cavity preparation was guided by the 
principle of accessing and removing all caries, but without extending beyond 
the limits of the lesion. In deep cavities, a calcium hydroxide Ca(OH)2 layer 
was applied. A wooden wedge and a steel matrix band (Injected®, Diadema, 
São Paulo, Brazil) in a Tofflemire matrix retainer (Golgran®, São Paulo, 
Brazil) were used for obtaining proximal contact. The bite was recorded with 
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articulator paper and excess material occlusal adjustments made with a rotary 
instrument. 
Atraumatic Restorative Treatment (ART): Tooth isolation was obtained using 
cotton wool rolls. Dentine cavities were accessed and cleaned with hand 
instruments only (ART Kit®; Henry Schein, Chicago, USA) and restored using 
a HVGIC (Ketac Molar Easymix®, 3M ESPE, Seefeld, Germany). In deep 
cavities, a calcium hydroxide Ca(OH)2 layer was applied. A wooden wedge 
and a steel matrix band (injected®, Diadema, São Paulo, Brazil) in a 
Tofflemire matrix retainer (Golgran®, São Paulo, Brazil) were used for 
obtaining proximal contact. After cleaning, the cavity was conditioned for 10 
seconds with dentine conditioning agent using a cotton wool pellet, washed 
for 5 seconds with a wet cotton wool pellet, and dried for 5 seconds with a dry 
cotton wool pellet. A trained assistant mixed the powder and liquid on a glass 
plate with a metal spatula, according to manufacturer's instructions. The 
mixture was inserted into the cavity in increments, using an applicator/carving 
instrument (ART Kit®). The cavities were completely filled with HVGIC after 
which the restorative material was pressed down using a gloved finger coated 
with a thin layer of petroleum jelly, creating a sealed restoration where 
possible. The bite was recorded using articulation paper and excess material 
was removed with the applicator/carving instrument (ART Kit®). The 
restoration surface was finally protected with a layer of petroleum jelly and the 
patient was instructed not to eat for at least an hour. 
Ultra-Conservative Treatment (UCT): Small dentine cavities were treated 
according to the ART protocol. Medium and large carious dentine cavities 
were not restored, but extended if necessary, with a hatchet (ART Kit®) to 
facilitate biofilm removal from within the cavity with a toothbrush and fluoride 
toothpaste (1100 ppm). Throughout the study period, a trained dental 
assistant supervised daily brushing during the school year which lasted 200 
days. Outside that school time, the children were instructed to brush their 
teeth daily in the same way during holidays and school recesses. The dental 
assistant visited the schools where the CRT and ART protocols had been 
implemented once a month.  
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6.2.3 Study design, teeth collection and storage 
 
The inclusion criteria for the laboratory study were all treated teeth from the 
three treatment groups and teeth from UCT, CRT and ART children that were 
not originally inserted in the study but had developed an open cavity over time 
that was not treated.   
 The clinical evaluations of all treated teeth included in the main study 
were conducted after 0.5-, 1-, 2- and 3-years by two independent and 
calibrated evaluators, using the ART restoration criteria.  As it was expected 
that natural tooth exfoliation would occur approximately 2 years following 
implementation of treatment, children were informed that they should contact 
the supervising dental assistant when a primary molar had exfoliated or was 
loose, beyond the 2-year evaluation period. The assistant then contacted the 
first author who went to the school to remove the loose tooth and to collect the 
exfoliated teeth. Immediately after collection, teeth were stored in saline 
solution, gently cleaned with a toothbrush and stored at 4° C in a 0.1% thymol 
solution until evaluation.  
The unit of measurement was a tooth with an open cavity or a 
restoration.  
 
6.2.4 Pilot study 
 
A pilot study using micro CT revealed that images of teeth with amalgam 
restorations generated considerable backscatter, making quantification of 
dentine mineral density under the cavity impossible. The solution to this 
observation was to remove the amalgam restoration gently with rotatory 
instruments ensuring that the walls and margins of the restoration were not 
damaged in the process. Removal could be performed easily as amalgam has 
only mechanical retention and no bonding to dentine and enamel. The ART 
restored teeth did not need to undergo the same procedure.  
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6.2.5 Hydroxyapatite phantoms and Micro-CT assessments 
 
Hydroxyapatite calibration standards were sourced from Dr. Donald Schwass 
at the Faculty of Dentistry, University of Otago, New Zealand [16]. The 
supplied calibration standards mimic the composite nature of the dental 
dentine structures allowing mineral quantification of specimens. Briefly, three 
discs of medium level mineral concentration were produced using sintered 
commercially pure hydroxyapatite (HAP) in a triethylene glycol 
dimethacrylate/glycerolate dimethacrylate resin matrix at densities of 1.24 
g/cm−3, 1.33 g/cm−3 and 1.57 g/cm−3 (Figure 6.1).  
The 50 teeth sampled were scanned using a micro-CT scanner 
(Skyscan 1076; Skyscan, Kontich, Belgium) to assess mineral density. The 
following parameters were applied: 100 kV, 100 µA, 9.05µm pixel size, 1.0 
mm aluminium filter, 0.3° rotation step, and frame averaging of 4. A complete 
scan took on average 92 minutes. The acquisition of each tooth was carried 
congruent with the HAP phantoms discs to aid mineral density calculation. 
Both were immersed in H2Od and wrapped in plastic film to prevent drying. A 
water sample contained in a low molecular density plastic tube was also 
scanned as a reference to calibrate the baseline for greyscale values, 
ensuring accurate mineral content determination. 
Scan data for each tooth were reconstructed using the NRecon 
software (Skyscan, Kontich, Belgium) in order to create cross-sectional slices 
throughout the specimens. The images were corrected for beam hardening 
(80%), smoothing (two levels), and ring-artefact (8th to 11th position). The 
greyscale range was set from 0.000198 to 0.059438 Hounsfield Units (HU). 
The parameters for scanning and analyzing images followed were similar to 
those previously tested by Soviero et al, 2012 [17]. Reconstructed 3D images 
were processed and viewed using CTAn data-analyzing software (SkyScan 
Company, Antwerp, Belgium).  
Calibration plots for the greyscale images obtained from water and 
hydroxyapatite calibration standards were generated using greyscale values 
set against the known mineral densities of the calibration standards derived 
from the manufacturing process. 
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Figure 6.1. Microtomography images of the hydroxyapatite phantoms discs used for mineral 
density quantification 
 
 
 
 
6.2.6 Dentine mineral density assessment 
 
After generating a correlation between the HU units and mineral densities of 
the teeth, the cavities and the impact of restoration placement were analyzed.  
Multiple-surfaces: For each tooth with a proximal cavity or restoration, 
five images were selected, taking into account the length of the bucco-lingual 
distance of the restoration/cavity margins, viewed occlusally (Figure 6.2). 
Each of the 5 images was chosen by dividing the bucco-lingual distance of the 
cavity/restoration into five bands. The central image of each band was 
selected to be measured. Looking at it from a cross-sectional perspective, the 
depth of the restoration/cavity was measured, as well as the mineral density 
of dentine under the restoration or cavity. Each area of dentine under the 
cavity measured was compared against a corresponding sound area of 
dentine on the other side of the tooth, as presented in Figure 6.2.  
 In each of the five images, three circular regions of interest (ROI) of 
250 µm x 250 µm in dimension were selected, located in dentine immediately 
under the edge of the cavity/restoration. The  OI’s were positioned occlusal 
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(the more superficial area of dentine), axial (the deepest area of the 
cavity/restoration directed towards the pulp chamber) and gingival (the 
nearest dentine area from mesial or distal surface of a cavity/restoration = 
floor of the box). In total, 15 recordings were taken for each cavity/restoration 
representing dentine subjacent to the cavity, compared with corresponding 
values for sound dentine. 
 Single-surfaces: A similar procedure was carried out for teeth with 
single-surface cavities/restoration (Figure 6.3). Image selection followed the 
same methodology as for multiple-surfaces, considering the bucco-lingual 
distance of the restoration/cavity margins, viewed occlusally. Also the depth of 
the restoration/cavity, the mineral density of dentine under the restoration or 
cavity and the sound dentine were measured in the cross-sectional images. 
The only distinction between the procedures occurred when selecting the 
 OI’s. In teeth with single surface cavities or restoration, one pulpal and two 
occlusal  OI’s were selected for measurement per image (Figure 6.3). In 
total, each cavity/restoration had 15 recordings representing dentine 
subjacent to the cavity, compated with corresponding values for sound 
dentine.  
 
 
 
 
Figure 6.2. (A) Schematic illustration of images selected for dentine mineral density analysis 
in multiple-surface cavity/restorations. (B) Cross-sectional image with ROIs (circular area) of 
measurement – axial, occlusal and gingival. Green circular areas reflect the correspondent 
sound dentine ROIs. 
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Figure 6.3. (A) schematic illustration of images selected for dentine mineral density analysis 
in single-surface cavity/restorations. (B) Cross-sectional image with ROIs (circular area) of 
measurement – pulpal and occlusal. Green circular areas reflect the correspondent sound 
dentine ROIs. 
 
 
 
 
 
 
 
 
6.2.7 Statistical analysis 
 
Data was analysed by a statistician from the Dental College of the Radboud 
University Nijmegen in The Netherlands using SPSS (Chicago, IL, USA). 
ANOVA was used to test for difference between groups and t-test for testing 
differences between mean scores for the various variables. Level of 
significance was set at P=0.05. 
 
6.3 Results 
 
6.3.1 Disposition of teeth  
 
In total, 50 teeth were collected; of which 5 contained both a cavity and a 
restoration bringing the total number of eligible cavities/restorations to 55. 
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Thirty-nine of these were harvested from child participants in the original 
clinical study: 9 from the CRT group, 17 from the ART group and 13 from the 
UCT group, consisting of 9 open cavities and 4 small ART restorations. The 
mean and standard deviation values for the age of restoration, cavity size 
(bucco-lingual distance), cavity depth and number of surfaces according to 
treatment protocol is presented in Table 6.1. The number of teeth with 
multiple-surface restorations was higher than those with single-surface 
restorations. There was no statistically significant difference in cavity size (P = 
0.68) and cavity depth (P = 0.40) between groups. A difference in age of 
restoration was observed (P = 0.001). Restorations from CRT group were 
statistically significantly younger than those from the ART group (P < 0.0001).  
The remaining 16 teeth constituted the non-treated (open) cavitated 
dentine carious lesions group of which one tooth belonged to CRT children, 6 
teeth to ART and 9 teeth to UCT children. 
 
 
Table 6.1. Mean (mm) and standard error (SE) values of some variables related to the 
cavity/restoration of teeth belonging to the clinical trial by treatment protocol 
 CRT ART UCT 
 
Mean age of restoration 
Mean ± SE 
2.00 ± 0.02a 
Mean ± SE 
2.78 ± 0.12b 
Mean ± SE 
2.27 ± 0.17 
Mean cavity size   3.30 ± 0.29 3.17 ± 0.32 3.58 ± 0.35 
Mean cavity depth  3.39 ± 0.27 2.94 ± 0.72 2.95 ± 0.29 
Number of cavity surfaces  
          N single-surface 
          N multiple-surface 
 
0 
9 
 
6 
 
11 
 
 
3 
 
10 
 
CRT = Conventional Treatment; ART = Atraumatic Restorative Treatment; UCT = Ultra-
Conservative Treatment. N = Number.  P
a,b
 < 0.0001 
 
 125 
 
Table 6.2. Number of teeth (N), mean (%) and standard error (SE) values of dentine mineral 
density under the cavity/restoration as a percentage of sound dentine mineral density per 
treatment protocol for teeth of the clinical study  
 
Dentine Mineral Density  N % of 
sound 
dentine 
mineral 
density 
             SE 
 
CRT 
 
9 
 
91.33 
 
2.93 
ART 17 98.93a 0.60 
UCT (small ART restorations + 
open cavities) 
13  91.98b 1.81 
 
 P
a,b
 = 0.013  
 
 
6.3.2 Dentine mineral density per treatment protocol  
 
Table 6.2 shows the mean and standard error values for dentine mineral 
density subjacent to cavities/restorations as a percentage of sound dentine 
mineral density per treatment protocol for teeth arising from the clinical study. 
The mean dentine mineral density for the ART protocol group was 98.93%, in 
the CRT protocol group 91.33% and in the UCT protocol group 91.98%. The 
mean values for teeth from the ART protocol were higher when compared to 
teeth from the UCT protocol group (p = 0.013) and the difference was 
statistically significant.  
 Within teeth belonging to the UCT protocol, the mean dentine mineral 
density subjacent to ART/HVGIC restorations (98.54%) was higher when 
compared to dentine subjacent to open cavities (89.05%) (P = 0.008) (Table 
6.3) and the difference was statistically significant. 
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Table 6.3. Number of teeth (N), mean (%) and standard error (SE) values of dentine mineral 
density under open cavities and under ART restorations as a percentage of sound dentine 
mineral density observed in UCT group 
 
Dentine Mineral Density  N % of 
sound 
dentine 
mineral 
density 
             SE 
 
Open cavities 
 
9 
 
89.05a 
 
1.88 
Small ART restorations 4  98.54b 0.69 
 
P
a,b
 = 0.008 
 
6.3.3 Dentine mineral density per cavity area 
 
Table 6.4 shows the mean and standard error values for dentine mineral 
density subjacent to cavities/restorations as a percentage of sound dentine 
mineral density per cavity area and per type of surface (single- and multiple-) 
for teeth arising from the clinical study. In teeth with multiple-surface 
cavities/restorations the mean dentine mineral density between axial (94.32%) 
and gingival (92.80%) areas were statistically significantly different (P = 
0.026).  
 
6.3.4 Dentine mineral density of non-treated teeth compared to open cavities 
treated by UCT protocol 
 
Table 6.5 shows the mean and standard error values for dentine mineral 
density subjacent to open cavities as a percentage of sound dentine mineral 
density in teeth treated according to the UCT protocol and non-treated with 
cavitated dentine carious lesions. The mean dentine mineral density values 
subjacent to open cavities from the UCT protocol group (89.05%) was 
statistically significantly higher compared to the dentine mineral densities 
subjacent to open cavities of teeth that had not been treated from the UCT 
children (P=0.027) and from the ART and CRT children (83.90%) (P = 0.03).  
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Table 6.4. Number of teeth (N), mean (%) and standard error (SE) values of dentine mineral 
density under the cavity/restoration as a percentage of sound dentine mineral density per 
cavity area and per type of surface (single- and multiple-) for teeth of the clinical study 
 
Dentine Mineral Density N % of 
sound 
dentine 
mineral 
density 
             SE 
 
Multiple-surface  
   
Axial  30 94.32a 1.49 
Occlusal   30 93.70 1.46 
Gingival  30  92.80b 1.18 
 
Single-surface 
   
Pulpal  9 97.40 1.53 
Occlusal  9 99.90 0.67 
 
P
a,b
 = 0.026 
 
 
Table 6.5. Number of teeth (N), mean (%) and standard error (SE) values of mineral density 
of dentine under open cavities as a percentage of sound dentine mineral density of teeth 
treated according to the UCT protocol and teeth having a non-treated open cavitated dentine 
carious lesion from the UCT, ART and CRT children 
 
Dentine Mineral Density N % of 
sound 
dentine 
mineral 
density 
              SE 
Open cavities treated by UCT 
protocol 
9 89.05a 1.88 
Non- treated cavities from UCT 
children  
9  83.90b 0.49 
Non-treated cavities from ART 
and CRT children 
7  83.90c 0.72 
 
P
a,b
 = 0.027; P
a,c
 = 0.03 
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6.4  Discussion 
 
6.4.1 Research methodology 
 
The present study is derived from a quasi-randomized clinical trial that 
evaluated three different treatment protocols for managing cavitated carious 
lesions involving dentine in primary molars of schoolchildren. Primary teeth 
are an ideal substrate for measuring the effect of the three protocols on 
dentine mineral density subjacent to open cavities or restorations because 
they are exfoliate naturally informing teeth collection allowing ex vivo analysis. 
The ex vivo model, used in the present study, has overcome the common 
limitations observed in purely laboratory based studies. 
 The number of teeth collected was influenced by the presence of loose 
teeth detected during periodic visits made by the first author to the schools the 
study participants were recruited from. Despite the instructions given to the 
school children and teaching staff to call the dentist whenever identified a 
tooth had become loose, very few calls were received. This demonstrated that 
the method of exfoliating tooth collection was not sufficiently effective. In 
future studies of this nature were to be repeated, the researcher would need 
to frequent the schools of the study participants more often to ensure 
collection of sufficient teeth. The final number of teeth for analyses was 
compromised which limited, in part, the power of the present investigation. 
 Microcomputed tomography is used for assessing mineral density of 
dental tissues. The method shows advantages to the conventional histological 
approaches as it is non-destructive and non-invasive [13]. However, the 
method could not be applied for teeth with an amalgam restoration because of 
backscattering caused by the presence of metal making radiographic images 
unreadable. Careful removal of the non-bonded amalgam from within the 
cavity allowed for more readable images allowing dentine mineral densities to 
be assessed. Whether or not the procedure of removing amalgams has 
influenced the assessment of dentine mineral density values subjacent to the 
restorations is unknown, but is expected to be unlikely.  
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The present study is the first instance in the literature to quantify 
dentine mineral density subjacent to restorations and in open cavities for 
primary molar teeth. This quantification was possible with the recent 
development of hydroxyapatite (HAP) calibration standards (phantoms) that 
mimic the dentine composition [16]. The quantification achieved in the present 
study showed direct, reliable and replicable results. It should therefore be 
applied for mineral density quantification of dental tissues in future dental 
research. 
A few other methodological aspects need to be discussed. The 
decision to express dentine mineral density as a percentage of the sound 
dentine mineral density for each tooth was made to obtain the most reliable 
interpretation of impacts on mineral density. Dentine mineral density values 
are known to differ between teeth so comparing test values against self-
standard values for sound dentine on the same tooth makes the assessment 
less biased. Furthermore, each sample tooth was at a different stage of 
exfoliation when collected, resulting in various depths of dentine between the 
floor of the cavity and the lowest part of the dentine. If we had used the 
absolute value for dentine mineral density per tooth, the study outcomes 
would have been biased. The use of mineral density percentages referenced 
against values for sound dentine provided, in addition, an internal control in 
each child, minimizing the need to account for inter-individual disparities. 
The present study is the first to report density values from dentine 
underneath non-treated open cavities. Unfortunately, we were unable to 
determine the age of lesions for those teeth not originally included in the 
study. We are therefore, unable to determine how long the cavity was openly 
cavitated before exfoliation. This situation may have affected the comparison 
of dentine mineral density for open cavities treated according to the UCT 
protocol and the non-treated open cavities.  
 
6.4.2 Main findings 
 
The first null-hypothesis was not accepted. There was a difference in mean 
values for dentine mineral density subjacent to restorations/open cavities of 
teeth treated according to the CRT, ART and UCT protocols. In teeth restored 
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through the ART protocol, mean dentine mineral density values were 
significantly higher than for teeth restored through the CRT protocol. The 
higher value of dentine mineral density values observed subjacent to 
restorations produced through ART and high-viscosity glass-ionomer 
placement are in line with results obtained from other studies that have 
reported the existence of a hypermineralised zone within the dentine 
underneath high-viscosity glass-ionomer restorations. This finding was 
ascribed to the migration of ions from the glass-ionomer material into the 
demineralised dentine [7,8]. Using Electron Probe Micro-analysis (EPMA), 
migration of calcium, fluoride and strontium ions has been measured from 
beneath the floor of the cavity to the pulp chamber. As strontium is not an 
inherent ion of hydroxyapatite but is added to the glass-ionomer Fuji IX 
powder by the manufacturer for increased radiolucency, its presence in 
dentine was proof that ions from the restorative material can migrated into 
receptive demineralised dentine. It explains the potential of glass-ionomer 
cement to promote remineralisation of the reminiscent dentine tissue.  
 Another interesting point regarding the differences in mineral density 
associated with ART and CRT restorations refer to the fact that, according to 
the protocols used, ART cavities were cleaned using hand instruments in 
which only soft, demineralised dentine was removed. For the CRT, rotary 
instruments were used and all carious tissue was removed [18]. Therefore, 
the results presented herein show that the ART approach not only preserves 
tooth structure by not removing all carious dentine tissue, but it also confirms 
that such dentine is able to remineralise once cavities prepared in this way 
have been properly sealed.   
 The current study shows no differences in mean dentine mineral 
density values beneath open cavities treated according to the UCT and 
restorations from the CRT protocols. This finding adds value to the conclusion 
that managing cavitated dentine carious lesions through regular biofilm control 
from within the cavity is as effective at preserving primary molar teeth until 
natural exfoliation, as restoring such cavities by way of conventional 
restorative treatments using amalgam [19]. Not only is the latter treatment 
more expensive to deliver, more pain is experienced during treatment [20].  
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The significant differences observed in mean dentine mineral density 
values between the axial/gingival and the gingival areas of teeth with multiple-
surfaces cavities can be related to the fact that near the pulp chamber, the 
presence of dental caries or even the release of components of dental 
materials induces the production of reactionary dentine, a modified calcified 
matrix less porous than the dentine near the enamel-dentine junction [21]. 
Moreover, the readings in the gingival zone might had been affected by the 
amount of remaining dentine tissue following carious removal. However, the 
impact on results observed may not be restricted to that effect and further 
studies should be conducted to confirm these hypotheses.  
The second null-hypothesis was not accepted. Mean values for dentine 
mineral density beneath open cavities treated according to the UCT protocol 
were significantly higher than beneath open cavies that had not been part of a 
treatment protocol. The difference is ascribed to the remineralisation of 
demineralized dentine through contact with saliva. As part of the UCT 
protocol, biofilm in open cavities were removed with toothbrush and fluoride 
toothpaste. This allowed saliva access to deposit calcium and phosphate in 
the demineralized dentine structure. 
Despite the limited power of the present study, the results are 
promising and support the existing evidence that the UCT protocol can be an 
alternative treatment approach for managing dentine carious lesions in 
primary teeth. Not only preserving most teeth treated in this way symptomless 
until natural exfoliation, the dentine gains in mineral content  increasing the 
probability of success. Further studies should evaluate biochemical 
interactions between dental tissues and the effect of UCT protocol in relation 
to the eruption pattern of permanent teeth. 
In conclusion, the evaluation of dentine mineral density under 
cavities/restorations using micro-CT and hydroxyapatite calibration standards 
has shown that the dentine subjacent to restorations produced according to 
the ART protocol is more highly mineralised than dentine beneath 
cavities/restorations from the UCT group. Cavities that were kept open but 
were cleaned manually under a supervised regimen of biofilm removal using 
tooth brush and fluoridated toothpaste as part of the UCT protocol, showed a 
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higher dentine mineral density compared to non-treated cavitated carious 
lesions, highlighting the importance of properly cleaning the cavity.    
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General Discussion, Conclusions and 
Recommendations 
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ABSTRACT 
 
In this chapter methodological aspects used in the clinical and ex vivo studies, 
and the main findings of each of the five studies that make up the thesis are 
discussed. The chapter is concluded with a discussion about how the study 
findings can improve the oral health of the children in the study area and 
beyond, followed by the conclusions and recommendations. 
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7.1 General discussion 
 
7.1.1 Main clinical trial 
 
The main clinical trial was designed with the final objective of evaluating the 
cost effectiveness of three treatment protocols for the management of dentine 
carious lesions in schoolchildren from a deprived area. The trial had a number 
of sub-objectives, five of which were adopted as the objectives of the present 
thesis (Figure 7.1). 
 
 
 
 
Figure 7.1 Diagram of the structure of the present PhD study 
 
7.1.2 Clinical evaluation: methodological aspects 
 
The investigations presented in the thesis were based on a quasi-randomised 
controlled clinical trial that used a parallel group design and was conducted in 
six primary schools of Paranoá, Brasilia, Brazil. The trial sample was nested 
in an oral health epidemiological survey of 6- to 7-year-old children who 
attended the primary chools. This age was chosen because: (i) the first 
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permanent molars have erupted fully or are erupting; (ii) these teeth need to 
be protected; (iii) children can be educated in how to perform oral hygiene 
procedures; and (iv) in the trial children could be monitored for a long period 
up to the age of 10- to 11. The sample size was calculated as 302 children 
and was based on the two inclusion criteria of having (i) good general health 
and (ii) at least two cavitated dentine carious lesions without pulpal 
involvement in primary molars.  
As dentally equipped offices were available in two primary schools, 
these schools were allocated to the conservative restorative treatment (CRT) 
protocol group. The remaining four schools were randomly divided into the 
atraumatic restorative treatment (ART) and ultra-conservative treatment 
(UCT) protocol groups, with two schools per group. This cluster quasi-
randomisation process used schools as the unit of selection. It is considered 
unlikely that the process led to a serious selection bias as the dental offices 
had not been used for many years, which implies that the children from these 
two schools had not benefitted from the presence of dental personnel in the 
past. Furthermore, the study children showed no difference in their socio-
economically status, caries status, mean dmft-scores and type of tooth 
surface with a cavity. Only an age effect was observed: children allocated to 
the CRT group were 0.2 years younger than those of the other groups. 
However, it is unlikely that the small difference in age has influenced the study 
outcomes.  
Blinding of operators and evaluators is desirable to avoid performance 
and detection bias. Owing to the nature of the clinical study, which uses 
materials and protocols that are distinctly different, blinding of both operators 
and evaluators is compromised. Considering this unavoidable fact, the clinical 
study obtained the highest level of blinding for operators and evaluators 
possible. The statistician could not be completely blinded as some children 
from the UCT group received treatment both through a restoration and 
through biofilm control with toothbrush and toothpaste.  
Another blinding requirement concerns the patient. In the present 
study, despite the presence of all visual distinctions between protocols, 
patient blinding was probably reached. This was because the study children 
had no prior dental experience (for the majority of them the clinical trial was 
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their first contact with professional dental care) and because children from the 
same school received the same treatment. It is, therefore, fair to conclude that 
selection bias was reduced to a minimum and that the maximum level of 
blinding was received.  
Throughout the 3.5-years study period, the same evaluators were used 
and they were calibrated prior to the start of each of the evaluations. This 
strict protocol ensured a high quality of data collection, which is reflected in 
the high inter-examiner consistency level obtained. As the absence of a tooth 
is easily identifiable by a paediatric dentist and as children are able to 
distinguish between teeth that have exfoliated and those that have been 
extracted, the total number of extracted and exfoliated teeth can be regarded 
as highly reliable. 
A longitudinal trial can usually be expected to encounter a percentage 
of drop-outs during the total study period. To correct for this loss of children, 
the sample size needs to be increased by the expected percentage of lost 
children. This correction was performed in the sample size calculation of the 
present study. Compared to other longitudinal studies, the drop-out 
percentage after 3.5 years was considered low (Chapters 2 and 3). To further 
strengthen the database, missing values could straightforwardly be imputed in 
most cases. Only in a few cases in which the exact moment of failure could 
not be traced missing observations were alternately allocated to “have 
survived” and “have failed”. The statistical analysis used took care of the 
dependency of data within a child. Because each cluster consisted of only two 
schools, a mixed-effect model, which is usually used in cluster randomised 
study designs, was not considered appropriate. Therefore, only the 
proportional hazard model with frailty corrections for children was used.  
All these actions taken to ensure that the clinical study was conducted 
according to the rules of research and the fact that the data were analysed by 
an experienced statistician supports the assumption that the rates of teeth 
survival and exfoliation can be considered accurate estimations. 
Two potentially problematic aspects of the applied treatment protocols 
need to be highlighted. These aspects concern the absence of rubber dam 
and of X-rays when performing restorations. The use of cotton wool rolls 
instead of rubber dam for isolation during application of amalgam is still 
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controversial in a number of countries. However, studies have shown no 
significant difference between the two isolation procedures regarding 
restoration characteristics and longevity (1, 2). The absence of X-ray for 
detecting pulpal involvement needs discussion. While the X-ray is usually 
used for detecting carious lesions that are not detectable through visual/tactile 
means, the current study included cavitated dentine carious lesions that were 
detectable very easily even with the naked eye. X-ray equipment could have 
assisted in the better selection of very deep carious lesions, as a number of 
such cavities had to be excluded during the process of carious tissue removal 
because of expected pulp involvement. However, because pulp-involved teeth 
were excluded eventually, it is very unlikely that the absence of X-ray images 
influenced the study outcome. For those reasons, an X-ray machine is not 
standard equipment in studies of this nature performed in outreach situations. 
Considering the nature of the clinical study and the methodological and 
technical issues that could have created significant biases but were controlled 
for, it is doubtful that any systematic error could have occurred that might 
have influenced the study outcomes seriously. Consequently, the internal 
validity of this clinical trial is considered high. 
 
7.1.3 Behavioural evaluation: methodological aspects 
 
The (Brazilian) Early Childhood Oral Health Impact Scale ((B)-ECOHIS) 
instrument was applied for collection of information about children’s oral 
health-related quality of life (OHRQoL) from both parents/caregivers and the 
child him/herself after 3 years. For fulfilling the first objective of the study, 
which was to compare the parent/caregivers’ perceptions of the children’s 
OHRQoL longitudinally, the B-ECOHIS was the obvious instrument as it could 
be applied at baseline and also 1 year after treatment implementation. While 
the B-ECOHIS is not a validated instrument for children’s self-reporting of 
their OHRQoL and as no other validated instrument was available it was also 
used for comparing children’s and parents’ perceptions of the children’s 
OHRQoL. The fact that 9- to 10-year-old children were interviewed, which 
allowed the interviewer to assess the level of understanding of the questions 
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of the B-ECOHIS, adds weight to the assumption that the information 
obtained from the children is a correct reporting of their thoughts.  
Another methodological aspect that may have influenced the findings 
was the high drop-out rate after 3 years. Only 53.8% of the questionnaires 
were returned. Reasons for the high number of drop-outs were children 
changing school or leaving the suburb and parents/caregivers not returning 
the questionnaire even after repeated requests. Fortunately, the children who 
dropped out proved not to be a selected group as the non-response analysis 
did not show a significant difference between the respondents and non-
respondents with respect to the background variables studied.  
The questionnaire was administered differently for parents/caregivers 
than for children. Parents/caregivers filled in the questionnaire while children 
were interviewed. As studies have demonstrated that this difference does not 
affect the final measurement (3, 4), it was not considered a reason for the 
difference observed in the present study findings. Therefore, it can be 
concluded that the findings of the behavioural assessment were not 
influenced markedly by methodological biases. 
 
7.1.4 Ex vivo evaluation: methodological aspects 
 
The ex vivo model has the advantage over the in vitro model that the former 
enables the evaluation of features from treatments of teeth in a real oral 
environment with its multiple and complex interactions. Primary teeth seem to 
be the ideal substrate in which this kind of assay can be performed as they 
shed.  
A limitation of the present ex vivo study was the low number of teeth 
available for investigation. This occurred mainly because of the way these 
teeth were collected. Children were requested to inform the school authorities 
if a tooth was wobbling. In turn, the school authorities would inform the 
dentist. However, neither children nor school authorities hardly ever did. The 
majority of wobbling teeth were manually removed during periodic schools 
visits by the dentist. This approach ensured that the sample was non-
selective, but yielded few teeth. For that reason, future studies of this nature 
need to follow a different approach as the low number of teeth affected the 
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power of the study. Improvements should be found in better communication 
between parents/caregivers, school authorities and the person responsible for 
tooth collection, which may result in this person’s visiting the schools more 
frequently.  
The fact that amalgam restorations could not be evaluated for micro-
leakage shows a technical limitation of the micro computed tomography 
(microCT) procedure, which was used in the study (Chapter 5). For the 
mineral density assessment, amalgam could be removed from the restored 
teeth (Chapter 6). Whether this procedure influenced the assessment of 
dentine under the restoration is unknown but is considered unlikely as 
amalgam does not adhere to dental tissue and is only mechanically retained 
in the cavity. In addition, in this study its removal was performed by a trained 
dentist and did not affect the walls and floor of the cavity.  
Regarding the methods available for assessing micro-leakage at tooth-
restoration interface, the use of both scanning eletromicroscopy (SEM) from 
replicas and silver nitrate solution infiltration using the original teeth was 
efficient. These methods were shown to be complementary, with the former 
providing a topographical view of marginal sealing of the restoration and the 
latter enabling the internal assessment of the tooth-restoration interface. 
The quantification of the dentine mineral density in an area adjacent to 
the cavity in teeth treated with the different protocols was performed and 
reported on in a new way. A mineral density standard (hydroxyapatite 
phantom) was used for the first time. Comparison with results of studies that 
had investigated the same subject could, therefore, not be carried out. 
Chapter 6 presents in detail the procedure for using the standard. It is 
important to highlight that each tooth had its own sound dentine control and 
that the expression of mineral density as a percentage of sound dentine 
normalised the results and minimised the possibility of bias from internal 
mineral density defects that might occur following the exfoliation process or 
from differences in mineral content between teeth of different children. 
In Chapter 6 the dentine density underneath open cavities that had 
been cleaned with and without tooth brushing and fluoride toothpaste under 
supervision is reported for the first time ever. Unfortunately, the time when the 
cavities in the non-brushing group occurred is unknown. I am, therefore, 
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unaware of how long in each case the cavity had been open before the tooth 
exfoliated. This situation may have created a bias in the comparison with 
teeth with open cavities from the UCT group. 
The ex vivo investigations performed have reported new 
methodological ways in which micro-leakage can be assessed, through a 
combination of methods, and in which dentine mineral density can be 
investigated using the recently developed combination of microCT and a 
hydroxyapatite phantom. Because the methods used were new, comparisons 
with results of studies using other methodology could not be made. To what 
extent the use of the new methods has affected the study results will be 
known in future after more researchers have used these methodologies.  
The factor that has influenced the ex-vivo studies most is the low 
number of teeth available for analysis. The low number resulted in a low 
power of the study and limits extrapolation of the study findings. Further 
studies should apply a similar study design, use primary teeth as substrate 
and apply the new methodologies, but ensure a higher number of exfoliated 
teeth through improved ways of collecting these.  
  
7.2     Main findings 
 
7.2.1  Survival and exfoliation rates of primary molars 
 
Chapter 2 and Chapter 3 explored the survival and exfoliation rates of primary 
molars treated according to the CRT, ART and UCT protocols respectively. 
Over the 3.5-year study period no difference between groups was observed, 
with similar retention and exfoliation patterns of primary molars Chapter 2 and 
3). Since the publication of the two studies in 2014 and 2015, no additional 
studies regarding these topics have been published, which makes any 
comparison other than those described in the two publications not possible. 
 Only a few studies are available that have reported survival rates of 
primary teeth. In the present study, the UCT cumulative survival rate of 
primary molars was 89.7% after 2 years. This rate is somewhat higher than 
reported from two retrospective studies carried out in the United Kingdom 
(UK). The retrospective studies reported an 82% survival rate of unrestored 
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primary teeth that exfoliated without symptoms after 2 years in a private 
practice (5) and in public services (6). The difference observed between the 
UCT group and the UK studies may have occurred because primary molars 
from the UCT group were cleaned during a fair part of the year and because 
small cavities were restored. The comparison suggests that cleaning cavitated 
dentine carious primary molars with toothbrush and fluoride toothpaste under 
supervision can be considered an efficient treatment for retaining cavitated 
primary teeth until their physiological and symptomless exfoliation. The results 
reported in Chapter 3 showed that unrestored primary molars have the same 
exfoliation pattern as primary molars restored with amalgam and high-
viscosity glass-ionomer cement (HVGIC) using the ART method. 
 Despite the good results obtained with respect to the exfoliation pattern 
and symptom-free exfoliation of UCT-treated primary molars, it is unknown to 
what extent the exfoliation pattern of UCT-treated primary molars causes 
crowding for the permanent premolars. This aspect is being investigated and 
will be reported on in a publication in future.  
 Future investigations should consider the effectiveness of the UCT 
protocol in children younger than 6 years old and the effectiveness of a 
different supervision scheme based, for example, on fewer supervising visits 
in association with support for home-based dental care (7) and volunteers at 
the school. Furthermore, the survival of UCT-treated teeth may be increased if 
high-viscosity glass-ionomer is placed on the floor of deep cavities (8). 
 The outcomes of the studies presented in Chapters 2 and 3 support 
 idd’s reflection (9) that the progression of carious lesions may be controlled 
by cleaning open cavities thoroughly until these primary teeth exfoliate 
naturally. The cleaning of open cavities brings a great opportunity for 
increasing access to dental care in deprived areas, at low cost and without an 
intervention that causes pain and anxiety to children. 
 
7.2.1.1 Reasons for extraction of teeth 
 
The reasons for extracting teeth were presented in Chapter 2. Over the 3.5 
years of the study, 6 ART, 22 CRT and 26 UCT teeth were extracted. These 
numbers were influenced by the exclusion from the study of pulp-involved 
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cavitated teeth during the treatment session. Because dentine was excavated 
either manually or by rotary during treatment in both the CRT and ART 
groups, pulpal involvement was more easily assessed and affected teeth 
excluded than in cavitated primary molars from children in the UCT group. 
This fact may be the main reason for the higher number of extracted primary 
molars observed in the UCT group compared to the other two groups.  
Even after exclusion of a high number of teeth during the treatment 
process because of (expected) pulp involvement, the relative number of teeth 
extracted in the CRT children was higher than the extracted teeth in ART-
treated children: an unexpected result. The main reasons for extraction, 
however, were distinctly different. In the CRT group pulp exposure and 
toothache were the main reasons for extraction while in the ART group the 
presence of a fistulae was the predominant reason. The difference in reasons 
for failure can be ascribed to the invasiveness of the CRT protocol, which 
prescribes that all caries-affected dentine needs to be removed. This may 
have led to (micro-) exposition of the pulp despite the use of a calcium-
hydroxide liner. The ART protocol removes only the soft demineralised 
dentine and leaves such dentine behind when the cavity is very deep. This is 
recommended by the International Caries Consensus Collaboration (ICCC) in 
its report on carious tissue removal (10). The fact that relatively more UCT- 
than ART-treated teeth were extracted may be due to the incomplete removal 
of soft demineralised dentine from the open cavities, which allows the caries 
process to progress. Future studies should record the reasons for the 
extraction of teeth in order to improve treatment and reduce discomfort. This 
would also make a comparison with the present study possible. 
 
7.2.2 Impact of treatments on oral health-related quality of life (OHRQoL) 
over time 
 
In modern oral health care, not only are clinical health of teeth considered 
important for calling an intervention a success but the holistic view of the 
patient, which includes the psychological perception of the treatment 
provided, also plays a role. The holistic view of the patient is presented in 
Chapter 4, where parents/caregivers report on the OHRQoL of their children. 
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Initially it was thought that the OHRQoL of the UCT children would be 
lower than the OHRQoL of the children that had had their tooth cavities 
restored, as open cavities would give more discomfort than restored cavities. 
But this did not turn out to be the case after 1 year (11) and after 3 years, as 
reported in Chapter 4 of the present PhD thesis. The UCT protocol was as 
accepted by the group that received this treatment as restoring teeth the 
traditional way using amalgam or with the ART method using HVGIC was by 
the other groups, an unexpected finding. This finding is corroborated by the 
fact that a large number of these teeth exfoliated without symptoms (12). A 
comparison of the results of the present study with those of studies from other 
communities was not possible as no other long-term OHRQoL study could be 
traced from PubMed.  
Another finding of interest for discussion was the reduction in “parent 
distress” at the 1- and 3-year evaluations. The reason that parents/caregivers 
scored lower in later years than at the start may be because they felt less 
guilty about the poor state of their children’s oral health (on average 5 to 6 
tooth cavities without any treatment) since children were now under dental 
supervision in the school environment. 
These findings reinforce the need for improving access to oral health 
care, not only for children to have their teeth treated and monitored but also 
for obtaining a reduction in parent guilt, which is common in deprived areas 
where making ends meet daily is difficult. In this sense, the UCT protocol 
seems to be an alternative to the traditional model.  
 
7.2.2.1 Parents’ and children’s perceptions of OH  oL 
 
Another significant finding explored in Chapter 4 was the disagreement 
between parents/caregivers’ and children’s perceptions of OHRQoL assessed 
with the B-ECOHIS. Previously, studies have demonstrated that this 
difference is not related to the mode of administration of the instrument (3, 4).  
Although the disagreement was not initially expected, its occurrence is 
not rare. Eiser and Morse (13) describe it as a common event once distinct 
points of view and beliefs from a specific situation are expressed by different 
parties. Therefore, the findings explored in Chapter 4 are not considered 
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conflicting. Both the information from the parents/caregivers and from the 
children is valid and, in fact, is complementary. This suggests that the parallel 
reporting model should be further explored in dental research.  
In the present study, parents/caregivers revealed a more negative 
impact than the children’s scores did. This could reflect the fact that as 
children get older they share fewer of their experiences with their parents. 
This means that, over time, parents’ knowledge regarding their children’s 
activities and relationships becomes limited (14). Furthermore, parents tend to 
express feelings of guilt when their child exhibits oral health problems and/or 
treatment needs. These problems or needs are not necessarily correctly 
perceived by the parents (15).  
Both perspectives, from children and their responsible adults, have an 
important bearing on health care decisions with respect to a child and can 
contribute to the establishment of public policies aimed at improving oral 
health care (16, 17).  
 
7.2.3 The presence of micro-leakage at the tooth-restoration interface in 
clinically successful restorations 
 
In the ex vivo study presented in Chapter 5, the following question was raised: 
are restorations that are considered clinically successful free from micro-gaps 
and from micro-leakage at the tooth-restoration interface? The results of this 
first-ever ex vivo study into this topic showed that both events occurred in the 
majority of teeth restored traditionally with amalgam and through the ART-
method using HVGIC. However, the occurrence of marginal micro-leakage did 
not differ between the two treatment groups. In addition, teeth with multiple-
surfaces restorations showed a higher rate of micro-gaps and marginal micro-
leakage than did teeth with single-surface restorations. This difference can be 
ascribed to the lower survival rates of multiple-surface restorations (18-20).  
The presence of micro-gaps and micro-leakage at the tooth-restoration 
interface is usually associated with the occurrence of secondary carious 
lesions. For amalgam restorations, the development of secondary carious 
lesions is expected to a certain extent as amalgam does not bond to tooth 
tissue. The deposition of corrosion products at the tooth-restoration interface 
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merely fills the interfacial gaps over time, minimising the occurrence of 
secondary carious lesions (21, 22). On the other hand, micro-leakage of 
glass-ionomer restorations is not expected to be quite as common because 
the material adheres to dental tissue. A systematic review reported a lower 
prevalence of secondary carious lesions alongside glass-ionomer than 
amalgam restorations, which confirms the arguments put forward above (23).  
However, in vitro studies have shown that even in adhesive material 
micro-leakage occurs (24, 25). This conclusion is in line with the results 
presented in Chapter 5, which showed both amalgam and HVGIC restorations 
to exhibit micro-gaps and micro-leakage at tooth-restoration interfaces. This 
outcome leads to the question: is the occurrence of micro-leakage at tooth-
restoration interface a relevant indicator of the need for repair or re-
restoration? This question is worth asking as no secondary dentine carious 
lesion was associated with micro-gaps in the current study, not even with 
extensive gaps that allowed bacterial infiltration. On the basis of the study 
results, it appears that even if micro-leakage at the tooth-restoration interface 
is present, the health and functionality of primary molars are maintained and 
the exfoliation of the tooth without sepsis can be secured (12). A recent study 
investigated the survival of primary molars with defective restorations over 3 
years. The results showed that 75.9% of teeth with a defective restoration 
survived without pain and sepsis, which questions the need to always re-
restore defective primary teeth (26).  
These reported findings reinforce what was stated by Jokstad (27) and 
supported by Kuper et al. (22) and Nedeljkovic et al. (28): the development of 
secondary carious lesions is more often associated with the presence of a 
cariogenic biofilm than with the mechanical quality of the restoration itself. It 
supports what has been claimed for many years (29): that restorative 
treatment alone, even if it is well performed with a good marginal seal, is not 
always sufficient to control carious lesion development for a long period. 
Biofilm needs to be removed from restored teeth regularly through tooth 
brushing and fluoride toothpaste while the patient needs to modify any bad 
oral health behaviour. 
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7.2.4 Dentine mineral density 
 
Chapter 6 reports on an unprecedented study in which the dentine mineral 
density beneath open cavities and restorations from teeth belonging to the 
UCT, ART and CRT protocol groups was quantified by the micro-CT method 
in association with hydroxyapatite phantoms as a reference. This study 
compared the three treatment protocols. It also investigated the effect of 
brushing open dentine cavities in UCT-treated teeth with fluoride toothpaste 
on the dentine mineral density in comparison to open dentine cavities that 
were not brushed as part of the UCT protocol but which belonged to children 
from the clinical study. 
The results showed that the dentine mineral density under restorations 
in the ART protocol group was significantly higher than the mineral density of 
the dentine under cavities/restorations from the UCT protocol group. This 
finding is in line with the reported presence of a hypermineralised zone in 
dentine underneath HVGIC restorations, which is ascribed to fluoride and 
strontium diffusion from the restorative material into demineralised dentine 
(30, 31). This biochemical process explains the potential of glass-ionomer 
cement to promote remineralisation of demineralised dentine tissue.  
The results of the study reported in Chapter 6 showed that open 
cavities treated according to the UCT protocol presented a higher value for 
dentine mineral density under cavities compared to open cavities not treated 
under the UCT protocol. This difference in result is most probably because the 
UCT-treated open cavities had the biofilm removed from within the cavity with 
a fluoride toothpaste, potentially remineralising the dentine, and because 
saliva could have full contact with a clean surface allowing diffusion of calcium 
and phosphates into remineralisable dentine. 
The results obtained are promising and add further value to the existing 
evidence that the UCT protocol could become an alternative to the traditional 
method for managing dentine carious lesions in primary teeth. Not only would 
this method bring most of these teeth to symptomless exfoliation, but it occurs 
with dentine that has gained in minerals, which would increase the probability 
of a symptomless exfoliation.  
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Future research on this topic should further analyse the biochemical 
mechanisms triggered by the UCT protocol in dental tissues. It could also 
analyse the effects of this protocol on the upcoming permanent dentition, 
strengthening the existing evidence on this topic and supporting clinical 
implementation of this protocol. 
 
7.2.5 Contributions of the thesis to oral health in general and to people  
 
The prevalence of dental caries and of unmet treatment need for cavitated 
dentine carious lesions in primary dentitions is high not only in Brazil but in 
most countries of the world. Various factors have contributed to this situation. 
These factors differ from country to country; however, one factor that these 
countries have in common is the way tooth cavities are generally treated, 
which is through the use of the drill and fill procedure. Slowly but surely, the 
dental profession has realised that this restorative procedure is insufficient for 
dealing with the huge problem of unmet treatment needs regarding cavitated 
dentine carious lesions. Alternative procedures have been developed during 
the last two decades. One such procedure is the ART method, which is better 
accepted by patients than the conventional drill and fill, but is, in itself, still 
insufficient for dealing with the problem. This has meant that other more 
appropriate treatments have needed to be developed and investigated that 
are based on tackling the cause of the disease rather than on treating its 
symptoms.  
Dental caries is a biofilm-induced disease and it is, therefore, logical 
that the biofilm is treated before it demineralises tooth tissue. Daily removal of 
biofilm from tooth surfaces through tooth brushing and fluoride toothpaste 
achieves this. As biofilm is also present within a tooth cavity, a causal remedy 
would be to remove it from within with toothbrush and toothpaste. This logical 
and causal concept has been translated into a treatment protocol that is 
termed ‘Ultra-Conservative Treatment’. The advantages of this treatment are 
that the child together with their parents/caregivers can perform the treatment; 
the child is educated to clean his/her teeth at an early age; and restorative 
care is restricted to small cavities and performed in a way that is shown to 
produce quality restorations with little or no development of dental anxiety.  
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 However, as the UCT had never been studied, many aspects of the 
protocol needed to be investigated before it could be recommended for 
general use. The evaluations of the clinical studies reported on in this PhD 
thesis indicated the symptomless survival and exfoliation rates of teeth treated 
with the UCT protocol to be no different from those treated through the 
restorative protocols, the CRT and ART protocols. Also the quality of life of 
UCT-treated children after 1 and 3 years was no different from the quality of 
life of the CRT- and ART-treated children. These findings support the use of 
the UCT protocol in meeting the very high need for treating cavitated dentine 
carious lesions in primary teeth. Its application can be expected to improve 
access to oral health care in deprived areas and in private practice. It goes 
without saying that preventing dentine carious lesion development is the way 
forward and must receive ample attention. Long-term evaluation (4 years) of 
the effect of supervising UCT use in a sample of children of the present PhD 
research has shown a lower level of visible biofilm in these children than in 
those that received a restoration through the CRT and ART protocols (32). 
 The laboratory tests performed as part of the trial showed the 
advantage of using ex vivo instead of in vitro models of primary dentition for 
better understanding the impact of oral conditions on the condition of restored 
primary teeth over time. The observation that micro-gaps and micro-leakage 
are present even in clinically assessed successful restorations questions the 
need for restoring defective restorations in primary dentition (26). Instead, it 
reinforces the need for biofilm control and behavioural change for managing 
dental caries in general and at the restored tooth surfaces, as is intended 
through the use of the UCT protocol. 
 The present PhD thesis also reported for the first time the use of micro-
CT and hydroxyapatite phantoms to quantify dentine mineral density under 
cavities of teeth treated through a restoration or left open. This method, 
despite being expensive, is easily replicable and can generate a great deal of 
knowledge on how dental mineral tissues react to various treatment protocols. 
This would lead to a collection of knowledge on the demineralisation and 
remineralisation process that could support clinical observations, especially 
for development of innovative treatment protocols, such as the UCT. 
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 Combining the outcomes of the reported studies, the UCT protocol may 
become a new treatment option for guiding cavitated teeth to symptomless 
exfoliation; for reinforcing the importance of biofilm removal from all kinds of 
tooth surfaces, decayed or not; and for patient behaviour education. Biofilm 
control seems to have a major effect on preventing the occurrence of 
secondary caries, which minimises the need for re-restoration procedures and 
allows restoration functionality up to tooth exfoliation. As the UCT protocol 
was investigated in this PhD study for the first time, clinical trials should be 
conducted in different population and socio-economical contexts by different 
researchers. 
Ultimately, oral biofilm control and oral health education of children can 
become the main cornerstones of oral health promotion, which should be 
explored as a great opportunity to improve access to oral health and oral 
health care, not only in Paranoá but also in many other parts of Brazil and 
worldwide. This approach shifts the concept of treatment to the concept of 
keeping healthy teeth healthy and that is worth trying. 
The studies presented in this PhD thesis enabled not only the 
collection of dental knowledge but, more importantly, an increase in access to 
oral health for the children of Paranoá. Before the study started the 6- to 7-
year-old children, in most cases, had never seen a dentist. They presented 
high caries activity and also had a high risk of developing new carious lesions. 
If these children had not been included in the clinical trial, their oral health 
conditions would probably have remained at a low level, which would have 
impacted negatively on their future oral health status. Additionally, the 
exposure of the children to the study may have been extended to their direct 
family members. This assumption has not been investigated but is likely to be 
valid.  
The way in which the Paranoá study was designed, implemented, 
evaluated and supported by local leaders, the federal government of Brasilia 
and the University of Brasilia improved the oral health of many schoolchildren. 
It also showed the huge potential of school oral health programmes and 
created a great deal of valuable information for future implementations of 
these programmes in the public health system in the country. 
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7.3      Conclusions 
 
On the basis of the main findings of the presented PhD research, the following 
conclusions are drawn. 
1. There was no significant difference observed in the 3.5-year survival 
rates of primary molars of 6- to 7-year-old children treated according to 
the CRT, ART and UCT protocols (Chapter 2). 
2. Primary molars with cavities or restorations that involved multiple-
surfaces survived less long than those that involved a single-surface 
(Chapter 2). 
3. The three treatment protocols CRT, ART and UCT led to similar 
exfoliation patterns of primary molars after 3.5 years (Chapter 3). 
4. The proportion of primary molars that had received treatment for a 
multiple-surface cavity exfoliated at a higher rate than primary molars 
that had received treatment for a single-surface cavity for all the three 
treatment groups (Chapter 3).  
5. The oral health quality of life of children treated through the UCT 
protocol was not significantly different from that of children treated 
through the ART and CRT protocols after 3 years (Chapter 4). 
6. The perception of parents/caregivers and children of the children’s oral 
health quality of life differed significantly after three years (Chapter 4). 
7. There was no difference in the occurrence of micro-gaps and micro-
leakage at the tooth-restoration interface in primary molars restored 
through ART with high-viscosity glass-ionomer and CRT with amalgam 
(Chapter 5).  
8. Micro-leakage was more severe in multiple-surface than in single-
surface restorations for both ART restorations with high-viscosity glass-
ionomer and CRT restorations with amalgam (Chapter 5). 
9. Dentine mineral density underneath ART with high-viscosity glass-
ionomer restorations is significantly higher than underneath 
cavities/restorations submitted to the UCT protocol (Chapter 6). 
10. Open cavitated dentine carious lesions treated according to the UCT 
protocol had a higher value of dentine mineral density underneath the 
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cavity compared to non-treated open cavitated dentine carious lesions 
(Chapter 6). 
 
7.4     Recommendations 
 
The following recommendations are made for practice and for future research. 
1. Future research in dentistry should explore the use of primary molars 
as a substrate more often. The temporality of these teeth can offer a 
unique possibility for evaluating the influence of the oral environment 
on the performance of dental materials and can allow the evaluation of 
dental tissue interactions and its biological behaviour.  
2. The micro-CT is a recently developed device and is still underused in 
dental research. As its use potential is vast, researchers should 
consider this tool more frequently. In the present study, the 
combination of micro-CT with hydroxyapatite phantoms allowed the 
quantification of dentine mineral density. The procedure is easy to use 
and reproducible, which increases the chance that this combination will 
become the future standard. 
3. Oral health related quality of life assessment of young children should 
be performed not only by the parents but also, if possible, by the 
children themselves. The perceptions of both may not always be the 
same. The combination, therefore, may provide a more reliable 
understanding of the impact of treatments on the child’s oral health 
well-being. 
4. Knowledge of the pathogenesis of dental caries, acquired over more 
than a century, has enabled a new way of thinking on how to manage 
carious lesions. Minimal invasive procedures and the reinforcement of 
good oral behaviours such as regular biofilm and diet control, have 
been considered essential. This new paradigm, represented in this 
thesis by the UCT protocol, has yielded promising results. This 
suggests that the UCT protocol should be disseminated not only in 
deprived areas where access to oral health care is absent or minimal 
but also in private practices. The protocol allows a holistic approach of 
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providing oral care to patients but with less invasive procedures that 
are as effective as the conventional treatments generally used.  
5. To support further implementation and dissemination of the UCT 
protocol, studies should be conducted to investigate not only its effect 
on different populations and cultures but also the biochemical 
mechanisms it triggers, its effect on the erupting pattern of permanent 
teeth and at what age it should be implemented.  
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CHAPTER 8 
 
 
 
 
 
 
 
Summary 
 
 
 
 
 
 
 
  
 
This PhD thesis is based on the results of five studies that aimed at assessing 
clinical, behavioural and laboratory aspects of the Ultra-Conservative 
Treatment (UCT) protocol to managing cavitated carious lesions in primary 
molars in comparison to the conventional protocol using amalgam restorations 
(CRT) and the Atraumatic Restorative Treatment (ART) protocol with high-
viscosity glass-ionomer cement restorations (ART/HVGIC). 
Chapter 1 describes the aetiology of dental caries and the context in 
which untreated dentine cavities in primary dentition remain a global health 
problem. These untreated cavities impact negatively on children`s social 
interactions, wellbeing, behaviour and general health. To overcome the 
problem of untreated dentine cavities, a re-thinking of how oral healthcare is 
currently applied is urgently needed and alternative solutions that manage 
dental carious lesion development should be explored. One such alternative 
concerns non-operative treatments that are based on minimal intervention 
concepts, with another alternative being the introduction of a protocol that 
seeks to keep healthy teeth healthy. These concepts inspired the so-called 
Paranoá Study, which was a controlled clinical trial that investigated three 
treatment protocols developed for managing cavitated dentine carious lesions 
in primary teeth and for preventing dentine carious lesions in permanent 
molars among initial 6- to 7-year olds. The three protocols investigated were 
CRT, ART and UCT. The last-mentioned protocol consists of restoring only 
small cavities using the ART protocol and removing biofilm from medium- and 
large-sized cavities with a toothbrush and fluoride toothpaste. In the Paranoá 
Study set-up, the UCT protocol was supervised by a dental assistant during 
schooldays. Previous publications had reported many aspects of the Paranoá 
Study and the UCT protocol. But as the UCT protocol is fairly new, a 
multidisciplinary approach that incorporated clinical, behavioural and 
laboratory aspects of the protocol needed to be investigated to better 
comprehend the interactions of UCT with teeth and, consequently, the effect 
of the treatment on children.  
To understand how primary molars treated according to the three 
protocols behave clinically, the cumulative survival percentage of treated 
primary molars after 3.5 years is presented in Chapter 2 and the exfoliation 
pattern over the same period in Chapter 3. Chapter 2 reports that primary 
  
 
molars treated according to the UCT protocol showed a similar survival 
percentage (88.6%) to primary molars treated according to the ART (90.4%) 
and CRT (90.9%) protocols. Regarding the protocol groups, treated primary 
molars that involved multiple surfaces survived statistically less often than 
those that had only a single surface restored or had a cavity left open. A 
treated primary molar had failed if it presented toothache, sepsis or exposed 
pulp. Relatively few teeth needed to be extracted, at 22 (CRT), 16 (ART) and 
26 (UCT). A fistula was the most common reason for a treated tooth to fail. 
Chapter 3 reports that the percentages of exfoliated primary molars over the 
3.5 years of evaluation were very similar for all the treatment protocols: 51.0% 
(CRT), 48.7% (ART) and 48.1% (UCT). As reported in Chapter 2, only a 
significant effect of type of tooth surface was present: primary molars with 
multiple-surface restorations or open cavities exfoliated proportionally more 
often than primary molars with restorations or open cavities in single surfaces. 
Combining the results of the two analyses, it is fair to conclude that the UCT 
protocol is as effective in promoting a symptomless exfoliation of primary 
molars as are the CRT and ART protocols. This suggests that keeping 
cavities in primary molars biofilm free through tooth brushing with a fluoride 
toothpaste under supervision may be a suitable and reliable treatment option 
alongside restoring such cavities. More research on the effectiveness of the 
UCT protocol in primary teeth is needed. 
It is well known that untreated dentine cavities impact negatively on 
children`s daily activities and general health and as such may have a negative 
influence on their quality of life. Parents’ or caregivers’ perceptions of the 
impact of the three treatment protocols on children`s oral health-related 
quality of life (OHRQoL) were studied 3 years after treatment. This study is 
discussed in Chapter 4. The Brazilian version of the early childhood oral 
health impact scale (ECOHIS) questionnaire (B-ECOHIS) was used. A 
significant reduction in the domain ‘parent distress’ was observed. However, 
no significant difference in the level of OHRQoL between the three treatment 
protocols was observed. This finding favours the UCT protocol, as removing 
biofilm from open cavities without pain resulted in a perception of OHRQoL 
that was similar to the perceptions regarding the restorative protocols CRT 
and ART. The B-ECOHIS questionnaires were also presented to the children 
  
 
themselves. As children get older (they were 9- and 10-years-old) they reach 
a stage where they are capable of describing their feelings about their own 
oral health. In the present study, results showed a significant difference 
between children`s and parent`s perceptions about children`s OHRQoL. The 
children scored a lower level of impact on their own OHRQoL than their 
parents or caregivers did. This result suggests that apart from taking into 
account the ECOHIS-based results from parents or caregivers, the results of 
the child’s own perception are also important in determining the OHRQoL of 
children at this age. These points of view should be considered 
complementary.  
 After primary molars were treated, they were monitored periodically 
and naturally exfoliated molars were collected for ex vivo analyses. The 
features marginal integrity, microleakage at the tooth-restoration interface and 
dentine mineral density (DMD) of primary molars were investigated and the 
results are described in Chapters 5 and 6. In the study reported on in 
Chapter 5, amalgam restorations from the CRT group and HVGIC 
restorations from the ART and UCT groups that had been evaluated clinically 
as being intact were submitted to two complementary tests. The presence and 
the size of gaps at the tooth-restoration interface were assessed using 
scanning electron microscopy (SEM) while the depth of a gap was assessed 
through the method of infiltration of AgNO3 solution. More ART/HVGIC- than 
amalgam-restored teeth were gap free. The occurrence of marginal 
microleakage in primary molars restored according to ART/HVGIC was not 
significantly different from marginal microleakage found in primary molars 
restored with amalgam. Microleakage was found to reach deeper in the tooth-
restoration interface in multiple-surface than in single-surface restorations for 
both amalgam and ART/HVGIC restorations. Despite the presence of 
microleakage at the tooth-restoration interface in primary molars with clinically 
assessed intact restorations, restoration, functionality up to exfoliation was 
secured, which reinforces the importance of biofilm removal and patient 
behaviour education as cornerstones for controlling the caries process in 
restored but also in untreated cavitated teeth. 
 Chapter 6 presents the unprecedented use of microcomputed 
tomography (micro-CT) associated with the use of hydroxyapatite phantoms 
  
 
that are able to quantify DMD. The combination was used in the study 
reported on in this chapter to measure DMD under restorations or open 
cavities of teeth treated with the three protocols. For each restoration or open 
cavity, 15 measurements of DMD immediately underneath the restoration or 
open cavity and from the corresponding area in sound dentine were taken. 
The results were expressed as a percentage of the DMD of sound dentine. 
The mean DMD value underneath ART/HVGIC restorations in the ART 
protocol group was significantly higher (98.9%) than the mean DMD value 
from the UCT protocol group (restorations and open cavities) (92.0%) but not 
from the CRT protocol group (91.3%). This result may indicate the capacity of 
HVGIC to remineralise remaining carious dentine. Chapter 6 also reports on 
the comparison between the mean DMD value of teeth with open cavities 
managed according to the UCT protocol and non-treated open cavities. The 
comparison showed that UCT cleaning of open cavities resulted in a 
significantly higher mean DMD value (89.1%) underneath the floor of the 
cavity compared to non-treated open cavities (83.9%). It was concluded that 
the results support the positive effect of regular cleaning of open cavities with 
toothbrush and fluoride toothpaste, as contained in the UCT protocol, to 
permit symptomless exfoliation of such dentine cavity-affected teeth. 
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Samenvatting, Conclusies en Aanbevelingen 
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Dit proefschrift is gebaseerd op de resultaten van vijf onderzoeken waarin 
klinische, gedrags- en laboratorium aspecten van het ultraconservatieve 
(UCT) protocol voor het behandelen van dentinecaviteiten in tijdelijke molaren 
worden vergeleken met het conventionele protocol met amalgaam-
restauraties (CRT) en het Atraumatic Restorative Treatment (ART) protocol 
met hooggevuld glasionomeer cement restauraties (ART/HVGIC). 
 In Hoofdstuk 1 wordt de etiologie van tandcariës besproken er wordt 
het wereldwijde probleem van onbehandelde dentinecaviteiten in het tijdelijke 
gebit geanalyseerd. Deze onbehandelde caviteiten hebben een negatief effect 
op sociale interacties, welzijn, gedrag en algemene gezondheid van kinderen. 
Om het probleem van onbehandelde dentinecaviteiten in het tijdelijke gebit 
aan te pakken is een heroverweging van de wijze waarop momenteel 
dentinecaviteiten worden behandeld, dringend noodzakelijk en moet 
onderzoek worden uitgevoerd naar effectieve preventie van carieuze laesies. 
Een van de mogelijke aanpakken betreft het toepassen van weefselsparende 
behandelconcepten die op niet-restauratieve behandelingen zijn gestoeld. 
Een andere aanpak betreft de invoering van een zorgprotocol dat streeft naar 
het gezond houden van gezond doorgebroken gebitselementen. Deze 
concepten vormden de basis voor de opzet van de zogenaamde Paranoá 
Studie. Dit is een gecontroleerd klinisch onderzoek naar de effecten van drie 
behandelprotocollen dat tot doel had om bij 6- tot 7-jarigen dentinecaviteiten 
in tijdelijke gebitselementen te behandelen en om carieuze dentinelaesies in 
blijvende gebitselementen te voorkomen. De drie onderzochte protocollen 
waren CRT, ART en UCT. Het laatstgenoemde protocol bestaat uit het 
restaureren van alleen kleine dentinecaviteiten door middel van het ART-
protocol en het verwijderen van biofilm uit middelgrote en grote 
dentinecaviteiten met een tandenborstel en fluoridehoudende tandpasta. In de 
Paranoá Studie werd het UCT-protocol tijdens schooldagen onder toezicht 
van een tandartsassistente uitgevoerd. In de reeds gepubliceerde 
studieverslagen was al over een groot aantal aspecten van de Paranoá 
Studie en van het UCT-protocol gerapporteerd. Maar omdat het UCT-protocol 
vrij nieuw was, was onderzoek naar een bredere aanpak die zowel klinische, 
gedrags- als laboratorium aspecten van het protocol bevatte, nodig om de 
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interacties van de UCT-aanpak met de gebitselementen en daarmee het 
effect van de behandeling op kinderen, beter te begrijpen. 
 Om te begrijpen hoe tijdelijke molaren, na behandeld te zijn door 
middel van een van de drie protocollen, zich klinisch gedragen werden de 3,5-
jaars cumulatieve overlevingspercentage van de behandelde tijdelijke 
molaren en het patroon van exfoliëren van deze gebitselementen gedurende 
dezelfde periode onderzocht. De resultaten zijn in respectievelijk Hoofdstuk 2 
en Hoofdstuk 3 gepresenteerd. In Hoofdstuk 2 staat dat de 
overlevingspercentages van tijdelijke molaren, die behandeld waren volgens 
het UCT-protocol (88,6%) niet significant verschilde van het overlevings-
percentage van tijdelijke molaren die behandeld waren volgens de ART- 
(90,4%) en CRT-protocollen (90,9%). Er werd geconstateerd dat, met 
betrekking tot de drie protocollen, behandelde tijdelijke molaren met een 
meervlakscaviteit significant minder lang overleefden dan behandelde 
tijdelijke molaren met een eenvlakscaviteit. Een behandelde tijdelijke molaar 
had gefaald indien tandpijn, sepsis of een geëxponeerde pulpa was 
geconstateerd. Relatief weinig tijdelijke molaren moesten worden 
geëxtraheerd: 22 (CRT), 16 (ART) en 26 (UCT). De meest voorkomende 
reden voor extractie was de aanwezigheid van een fistel. Het percentage 
tijdelijke molaren dat gedurende de 3,5-jaar periode exfolieerde verschilde 
niet significant tussen de behandelprotocollen onderling: 51.0% (CRT), 48.7% 
(ART) en 48.1% (UCT) (Hoofdstuk 3). Zoals in Hoofdstuk 2 staat vermeld 
was alleen een significant effect met betrekking tot de variabele 
‘tandoppervlak’ aanwezig: tijdelijke molaren met meervlaksrestauraties of 
meervlaks open dentinecaviteiten exfolieerden vaker dan tijdelijke molaren 
met een restauratie of een open dentinecaviteit in slechts één tandoppervlak. 
Indien de resultaten van deze twee analysen worden samengevoegd kan 
worden geconstateerd dat het UCT-protocol even effectief is in het laten 
exfoliëren van tijdelijke molaren als de CRT- en de ART-protocollen. Deze 
conclusie suggereert dat het schoonpoetsen van dentinecaviteiten in tijdelijke 
molaren door middel van de tandenborstel en fluoridehoudende tandpasta en 
uitgevoerd onder supervisie tijdens schooldagen, een geschikte en 
betrouwbare behandelmethode is naast het restaureren van deze 
 168 
 
dentinecaviteiten. Meer onderzoek naar de effectiviteit van het UCT-protocol 
is nog gewenst. 
Het is algemeen bekend dat onbehandelde dentinecaviteiten de 
dagelijkse activiteiten en de algemene gezondheid van kinderen negatief 
beïnvloeden en als zodanig een negatieve invloed hebben op hun kwaliteit 
van leven. De opvattingen van ouders of verzorgers over de impact van de 
drie behandelprotocollen op de kwaliteit van de mondgezondheid van 
kinderen (OHRQoL) werden 3 jaar na behandeling onderzocht. Dit onderzoek 
wordt in Hoofdstuk 4 besproken. De Braziliaanse versie (B-ECOHIS) van de 
vragenlijst naar de early childhood oral health impact scale (ECOHIS) werd 
gebruikt. Er werd een significante vermindering van het domein 'droefheid van 
ouders’ waargenomen. Er werd echter geen significant verschil in het niveau 
van OHRQoL tussen de drie behandelprotocollen waargenomen. Deze 
bevinding is gunstig voor het UCT-protocol, omdat het verwijderen van biofilm 
uit open dentinecaviteiten zonder pijn resulteerde in een gezichtspunt van de 
OHRQoL van de kinderen die vergelijkbaar was met de gezichtspunten die 
betrekking hadden op de restauratieve protocollen CRT en ART. De B-
ECOHIS-vragenlijst werd ook aangeboden aan de kinderen zelf. Naarmate 
kinderen ouder worden (ze waren in deze studie 9 en 10 jaar) komen ze in 
een fase terecht waarin ze gevoelens over hun eigen mondgezondheid 
kunnen beschrijven. In het huidige onderzoek bleken de opvattingen van de 
kinderen zelf en die van hun ouders over de OHRQoL van de kinderen 
significant te verschillen. De kinderen beoordeelden hun eigen OHRQoL 
hoger dan de ouders of verzorgers. Deze uitkomst suggereert dat niet alleen 
rekening moet worden gehouden met de resultaten van ouders of verzorgers, 
maar ook met de eigen waarneming van het kind op deze leeftijd. De 
standpunten van zowel ouders en verzorgers, en van kinderen moeten dus 
als elkaar complementerende waarden worden beschouwd. 
Nadat de tijdelijke molaren waren behandeld werden ze periodiek 
gecontroleerd en werden geëxfolieerde molaren verzameld om daarmee ex 
vivo analysen uit te voeren. De marginale integriteit, microlekkage aan de 
restauratierand en minerale dichtheid van dentine (DMD) van de verzamelde 
tijdelijke molaren werden onderzocht. De resultaten zijn beschreven in 
Hoofdstukken 5 en 6. In het onderzoek dat in hoofdstuk 5 wordt beschreven 
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werden amalgaam-restauraties van de CRT-groep en HVGIC-restauraties van 
de ART en UCT-groepen, die klinisch als gaaf waren geëvalueerd, 
onderworpen aan twee complementaire testen. De aanwezigheid en de 
grootte van spleten aan de restauratierand werden met behulp van scanning 
elektron microscopy (SEM) beoordeeld terwijl de diepte van een randspleet 
door middel van de infiltratiemethode met een AgNO3-oplossing werd 
gemeten. Meer ART/HVGIC- dan amalgaam-gerestaureerde tijdelijke molaren 
vertoonde microlekkage. De mate van marginale microlekkage in tijdelijke 
molaren die volgens de ART/HVGIC-protocol waren gerestaureerd was niet 
significant verschillend van tijdelijke molaren die met amalgaam waren 
gerestaureerd. Microlekkage aan de restauratierand in meervlaksrestauraties 
van amalgaam en ART/HVGIC was dieper dan in eenvlaksrestauraties. 
Ondanks de aanwezigheid van marginale microlekkage aan de 
restauratierand in tijdelijke molaren, die klinisch als gaaf waren geëvalueerd, 
bleek de functionaliteit van deze molaren tot aan het punt van exfoliëren 
gewaarborgd. Dit schildert het belang van het verwijderen van biofilm van 
gebitselementen en het toepassen van een goed mondzorggedrag door 
patiënten als zijnde hoekstenen voor het beheersen van het cariësproces in 
gerestaureerde en in niet-gerestaureerde open dentinecaviteiten. 
In Hoofdstuk 6 wordt een onderzoek gepresenteerd naar een nieuwe, 
nog niet eerder gerapporteerde methode om minerale dichtheid van dentine 
(DMD) te kwantificeren. De methode bestaat uit het gebruik van de 
microcomputer tomografie (micro-CT) in samenhang met 
hydroxyapatietfantomen. Deze combinatie werd gebruikt om de DMD te 
meten onder restauraties en onder open dentinecaviteiten van tijdelijke 
molaren die door de drie protocollen waren behandeld. Voor elke restauratie 
of open dentinecaviteit werden 15 DMD-metingen vlak onder de restauratie of 
open dentinecaviteit alsmede ook in gezond dentine uitgevoerd. De resultaten 
werden als het percentage van de DMD in gezond dentine uitgedrukt. De 
gemiddelde DMD-waarde onder de ART/HVGIC-restauraties in de ART-
protocol groep was significant hoger (98,9%) dan de gemiddelde DMD-
waarde in hetzelfde gebied in de UCT-protocol groep (restauraties en open 
dentinecaviteiten) (92,0%), maar niet in de CRT-protocol groep (91,3%). Dit 
resultaat zou kunnen leiden tot de aanname dat HVGIC in staat is om 
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gedeeltelijk geremineraliseerd dentine te remineraliseren. In dit hoofdstuk 
wordt ook de vergelijking tussen de gemiddelde DMD-waarde van tijdelijke 
molaren met open dentinecaviteiten die werden schoongepoetst volgens het 
UCT-protocol en niet-schoongepoetste open dentinecaviteiten beschreven. 
Het bleek dat de UCT-reiniging resulteerde in een significant hogere 
gemiddelde DMD-waarde (89,1%) onder de bodem van de dentinecaviteit in 
vergelijking met die van niet-gereinigde dentinecaviteiten (83,9%). 
Geconcludeerd werd dat de behaalde resultaten het positieve effect van 
regelmatige reiniging van open dentinecaviteiten met tandenborstel en 
fluoridehoudende tandpasta, zoals dat in het UCT-protocol gebeurt, 
ondersteunen en dat deze tijdelijke molaren dan zonder ziektesymptomen 
kunnen exfoliëren. 
 
Conclusies 
 
Op basis van de belangrijkste bevindingen van het promotieonderzoek 
kunnen de volgende conclusies worden getrokken. 
1. De 3,5-jaar overlevingspercentages van tijdelijke molaren van 6- tot 7-jarige 
kinderen die werden behandeld volgens de CRT-, ART- en UCT-protocollen 
verschilde niet significant van elkaar (hoofdstuk 2). 
2. Behandelde tijdelijke molaren met open of gerestaureerde dentinecaviteiten 
in meerdere vlakken overleefden minder lang dan behandelde tijdelijke 
molaren met open of gerestaureerde dentinecaviteiten in één vlak (Hoofdstuk 
2). 
3. Het exfoliatiepatroon van tijdelijke molaren die door de drie behandel-
protocollen CRT, ART en UCT gedurende 3,5 jaar waren behandeld 
verschilde niet significant van elkaar (hoofdstuk 3). 
4. In al de drie genoemde behandelgroepen exfolieerden tijdelijke molaren die 
waren behandeld voor een meervlakscaviteit eerder dan tijdelijke molaren die 
voor een eenvlakscaviteit waren behandeld (hoofdstuk 3). 
5. Na 3 jaar was de kwaliteit van de mondgezondheid van de kinderen die 
door het UCT-protocol waren behandeld niet significant verschillend van de 
kinderen die waren behandeld door de ART en CRT-protocollen (hoofdstuk 
4). 
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6. De eigen opvattingen van de kinderen en die van hun ouders over de 
kwaliteit van de mondgezondheid van de kinderen waren na drie jaar 
significant verschillend. (Hoofdstuk 4). 
7. Er was geen verschil in de prevalentie van microlekkage en in de grootte 
van spleten aan de restauratierand van tijdelijke molaren die door het 
ART/HVGIC-protocol en het CRT/amalgaam-protocol waren behandeld 
(hoofdstuk 5). 
8. De mate van microlekkage aan de restauratierand was hoger in 
meervlaksrestauraties dan in eenvlaksrestauraties in tijdelijke molaren uit het 
ART/HVGIC- als het CRT/amalgaam-protocol (hoofdstuk 5). 
9. De minerale dichtheid van dentine onder ART/HVGIC-restauraties was 
significant hoger dan in dentine onder open caviteiten en ART/HVGIC 
restauraties van het UCT-protocol (hoofdstuk 6). 
10. De minerale dichtheid van dentine onder open caviteiten die volgens het 
UCT-protocol waren behandeld hadden een hogere waarde dan het dentine 
onder open caviteiten die niet waren behandeld (Hoofdstuk 6). 
 
 
 Aanbevelingen 
 
De volgende aanbevelingen zijn van toepassing voor gebruik in de 
mondgezondheidszorg en voor toekomstig onderzoek. 
1. Toekomstig onderzoek in de tandheelkunde zou het gebruik van tijdelijke 
molaren als substraat vaker moeten gebruiken. De tijdelijkheid van deze 
kiezen kan een unieke mogelijkheid bieden om de invloed van het mondmilieu 
op de prestatie van tandheelkundige materialen te beoordelen en de 
tandweefselinteracties en biologische gedragen ervan te evalueren. 
2. De micro-CT is een recentelijk ontwikkelde apparaat dat aan belangrijkheid 
toeneemt en daardoor vaker in tandheelkundig onderzoek zou moeten 
worden gebruikt. In het huidige onderzoek werd de micro-CT gebruikt in 
combinatie met hydroxyapatietfantomen om de minerale dichtheid van 
dentine te kwantificeren. Deze procedure is gemakkelijk uit te voeren en is 
reproduceerbaar wat de kans verhoogt dat deze combinatie de standaard kan 
worden. 
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3. De kwaliteit van de mondgezondheid van jonge kinderen moet niet alleen 
door de ouders maar ook, indien de kinderen daartoe in staat zijn, door 
hunzelf worden vastgesteld. De gezichtspunten van beiden zijn namelijk niet 
altijd hetzelfde. De combinatie van beide gezichtspunten kan daarom een 
betrouwbaarder inzicht geven over de invloed van tandheelkundige 
behandelingen op de kwaliteit van de mondgezondheid van het kind dan de 
inzichten apart. 
4. Kennis over het ontstaan en progressie van tandcariës uit de afgelopen 50 
jaar heeft een nieuwe manier van denken over het behandelen van carieuze 
laesies voortgebracht. Weefselsparende procedures en de versterking van 
goed mondhygiënisch gedrag, zoals het regelmatig verwijderen van de biofilm 
en gezond eetgedrag, zijn hierin essentieel. Het verwijderen van biofilm uit 
dentinecaviteiten, dat in dit proefschrift werd onderzocht in het kader van het 
effectiviteitsonderzoek van het UCT-protocol, heeft een aantal veelbelovende 
resultaten opgeleverd. Dit suggereert dat het UCT-protocol niet alleen moet 
worden verspreid in achterstandsgebieden, waar mondhygiënische gedrag 
(bijna) afwezig is, maar ook in privépraktijken. Het UCT-protocol zorgt voor 
een holistische aanpak van de mondverzorging, maar gebruikt minder 
invasieve procedures die wel net zo effectief zijn als de gangbare 
conventionele restauratieve behandelingen. 
Om de invoering en verspreiding van het UCT-protocol onder 
tandartsen te promoten is het noodzakelijk om meer onderzoek uit te voeren. 
Onderwerpen die onderzocht moeten worden zijn, het effect van het UCT-
protocol in verschillende populaties en culturen, welke biochemische 
mechanismen tussen de glazuur en dentine en vulmaterialen optreden, het 
effect ervan op het eruptiepatroon van blijvende gebitselementen en de 
leeftijd waarop begonnen kan worden met het toepassen van het UCT-
protocol. 
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Resumo 
 
Esta tese de doutorado baseia-se nos resultados de cinco estudos que 
objetivaram avaliar aspectos clínicos, comportamentais e laboratoriais do 
protocolo de Tratamento Ultraconservador (UCT) no manejo de lesões de 
cárie cavitadas em dentina de molares decíduos em comparação ao 
tratamento Convencional com emprego de restaurações de amálgama (CRT) 
e ao Tratamento Restaurador Atraumático (ART) com emprego de 
restaurações de cimento de ionômero de vidro de alta viscosidade (HVGIC). 
O Capítulo 1 descreve a etiologia da cárie dentária e o contexto no 
qual cavidades em dentina sem tratamento permanecem como um problema 
de saúde global. Estas cavidades não tratadas impactam negativamente nas 
interações sociais, bem-estar, comportamento e saúde geral das crianças. 
Para superar isso, é necessário repensar urgentemente a forma como os 
cuidados de saúde bucais são aplicados atualmente e devem ser exploradas 
soluções alternativas que atuem no surgimento dessas lesões de cárie. Uma 
dessas alternativas refere-se a tratamentos não operatórios baseados em 
conceitos de mínima intervenção, sendo outra possibilidade a introdução de 
um protocolo que vise manter saudáveis os dentes saudáveis. Esses 
conceitos inspiraram o chamado Estudo do Paranoá - um ensaio clínico 
controlado que investigou três protocolos de tratamento desenvolvidos para o 
manejo de lesões de cárie cavitadas em dentina em molares decíduos e para 
a prevenção de lesões de cárie em dentina em molares permanentes em 
crianças com 6 e 7 anos de idade. Os três protocolos investigados foram 
CRT, ART e UCT. Este último consiste em restaurar apenas cavidades 
pequenas usando o protocolo ART associado à remoção do biofilme de 
cavidades de médio e grande porte com uma escova de dentes e pasta de 
dentes com flúor. No estudo do Paranoá, a implementação do protocolo UCT 
foi supervisionada por um assistente odontológico durante o período escolar. 
Publicações anteriores relataram muitos aspectos do estudo do Paranoá e do 
protocolo UCT; porém, como o protocolo UCT é bastante novo, uma 
abordagem multidisciplinar que tratasse de aspectos clínicos, 
comportamentais e laboratoriais do protocolo precisava ser investigada para 
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melhor compreender as interações do UCT com os dentes e, 
consequentemente, o efeito da nova abordagem nas crianças. 
Para entender como os molares decíduos tratados de acordo com os 
três protocolos se comportaram clinicamente, a porcentagem cumulativa de 
sobrevida dos dentes após 3,5 anos é apresentada no Capítulo 2 e o padrão 
de esfoliação durante o mesmo período no Capítulo 3. O Capítulo 2 relata 
que os molares decíduos tratados de acordo com o protocolo UCT mostrou 
uma porcentagem de sobrevivência (88,6%) semelhante aos molares 
decíduos tratados de acordo com os protocolos ART (90,4%) e CRT (90,9%). 
Os molares decíduos que apresentavam restaurações/cavidade com 
envolvimento de múltiplas superfícies sobreviveram significativamente menos 
do que aqueles que tinham apenas uma única superfície restaurada ou 
tinham uma cavidade aberta. Foi considerada falha se o molar decíduo 
apresentou dor, sepse ou polpa exposta. Relativamente poucos dentes 
precisaram ser extraídos: 22 (CRT), 16 (ART) e 26 (UCT). A fístula foi a 
razão de falha mais comum. O Capítulo 3 relata que os percentuais de 
molares decíduos esfoliados ao longo dos 3,5 anos de avaliação foram muito 
semelhantes para todos os protocolos de tratamento: 51,0% (CRT), 48,7% 
(ART) e 48,1% (UCT). Conforme relatado no Capítulo 2, apenas um efeito 
significativo do tipo de superfície estava presente: molares decíduos com 
restaurações ou cavidades abertas envolvendo múltiplas superfícies 
esfoliaram mais frequentemente que molares decíduos com restaurações ou 
cavidades abertas em superfícies únicas. Combinando os resultados das 
duas análises, é justo concluir que o protocolo UCT é tão eficaz na promoção 
de uma esfoliação assintomática de molares decíduos como são os 
protocolos CRT e ART. Isso sugere que manter cavidades em molares 
decíduos livres de biofilme por meio de escovação com uma pasta de dente 
com flúor, sob supervisão, pode ser uma opção de tratamento adequada e 
confiável, assim como restaurar essas cavidades. Para tanto, é necessária 
mais investigação sobre a eficácia do protocolo UCT em dentes decíduos. 
É bem conhecido que a presença de cavidades não tratadas em 
dentina tem um impacto negativo nas atividades diárias das crianças e na 
saúde geral e, como tal, pode ter uma influência negativa na sua qualidade 
de vida. As percepções dos pais ou dos cuidadores sobre o impacto dos três 
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protocolos de tratamento na qualidade de vida relacionada à saúde bucal das 
crianças (OHRQoL) foram estudadas 3 anos após o tratamento. Este estudo 
é discutido no Capítulo 4. Foi utilizada a versão brasileira do questionário 
ECOHIS (B-ECOHIS). Observou-se uma redução significativa no domínio 
"sofrimento dos pais". No entanto, não foi observada diferença significativa no 
nível de OHRQoL entre os três protocolos de tratamento. Esse achado 
favorece o protocolo UCT, já que a remoção de biofilme de cavidades 
abertas, na ausência de dor, resultou em uma percepção de OHRQoL 
semelhante às percepções obtidas para os protocolos restauradores CRT e 
ART. Os questionários B-ECOHIS também foram apresentados às próprias 
crianças. À medida que as crianças cresceram (atingindo 9 e 10 anos de 
idade), chegam a um estágio em que são capazes de descrever seus 
sentimentos sobre sua própria saúde bucal. No presente estudo, os 
resultados mostraram uma diferença significativa entre as percepções das 
crianças e dos pais sobre a OHRQoL das crianças. Estas atribuíram um 
menor nível de impacto em seu próprio OHRQoL do que seus pais ou 
cuidadores fizeram. Este resultado sugere que, além de levar em conta os 
resultados baseados no ECOHIS de pais ou cuidadores, os resultados da 
própria percepção da criança também são importantes na determinação do 
OHRQoL de crianças nesta idade. Estes pontos de vista devem ser 
considerados complementares. 
Após o tratamento dos molares decíduos, houve seu monitoramento 
periódico e aqueles esfoliados naturalmente foram coletados para análises ex 
vivo. As características de integridade marginal, microinfiltração na interface 
dente-restauração e densidade mineral da dentina (DMD) dos molares 
decíduos foram investigadas e os resultados estão descritos nos Capítulos 5 
e 6. No estudo relatado no Capítulo 5, as restaurações de amálgama do 
grupo CRT e as restaurações de cimento de ionômero de vidro de alta 
viscosidade dos grupos ART e UCT que haviam sido avaliadas clinicamente 
como intactas foram submetidas a dois testes complementares. A presença e 
o tamanho das lacunas na interface dente-restauração foram avaliados 
utilizando microscopia eletrônica de varredura (MEV) enquanto que a 
profundidade da lacuna foi avaliada através do método de infiltração da 
solução de AgNO3. Um maior número de dentes com restaurações de HVGIC 
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estavam livres de lacunas do que os dentes restaurados com amálgama. A 
ocorrência de microinfiltração marginal em molares decíduos restaurados de 
acordo com HVGIC pela técnica do ART não foi significativamente diferente 
da microinfiltração marginal encontrada em molares decíduos restaurados 
com amálgama. Verificou-se que a microinfiltração atingiu maior profundidade 
na interface de restauração de dentes em restaurações de múltipla superfície 
do que em restaurações de superfície única para os dois materiais 
restauradores. Apesar da presença de microinfiltração na interface dente-
restauração em molares decíduos com restaurações clinicamente avaliadas 
como intactas, a funcionalidade da restauração até esfoliação foi assegurada, 
o que reforça a importância da remoção de biofilme e a educação do 
comportamento do paciente como pedras angulares para controlar o 
desenvolvimento das lesões de cárie, bem como em dentes cavitados não 
tratados. 
O Capítulo 6 apresenta o uso sem precedentes da microtomografia 
computadorizada (micro-CT) associada ao uso de padrões de hidroxiapatita 
que são capazes de quantificar a DMD. A combinação foi utilizada no estudo 
relatado neste capítulo para medir a DMD sob restaurações ou cavidades 
abertas de dentes tratados com os três protocolos. Para cada restauração ou 
cavidade aberta, foram tomadas 15 medições de DMD imediatamente abaixo 
da restauração ou cavidade aberta e da área correspondente na dentina 
sadia. Os resultados foram expressos como uma percentagem da DMD da 
dentina sadia. O valor médio de DMD sob restaurações de ART / HVGIC no 
grupo de protocolo ART foi significativamente maior (98,9%) do que o valor 
médio de DMD do grupo de protocolo UCT (restaurações e cavidades 
abertas) (92,0%), mas não do grupo de protocolo CRT (91,3%). Este 
resultado pode indicar a capacidade da HVGIC de remineralizar a dentina 
cariada remanescente. O Capítulo 6 também relata a comparação entre o 
valor médio de DMD de dentes com cavidades abertas manejadas de acordo 
com o protocolo UCT e as cavidades abertas não tratadas. A comparação 
mostrou que a limpeza de cavidades abertas pelo protocolo UCT resultou em 
um valor médio significativamente maior de DMD (89,1%) debaixo da 
cavidade em comparação com as cavidades abertas não tratadas (83,9%). 
Concluiu-se que os resultados apoiam o efeito positivo da limpeza regular de 
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cavidades abertas com escova de dentes e pasta de dentes com flúor, 
conforme preconizado pelo protocolo UCT, a fim de permitir a esfoliação 
assintomática de dentes com cavidades em dentina. 
 
Conclusões 
 
Com base nas principais conclusões da presente investigação, são tiradas as 
seguintes conclusões: 
1. Não houve diferença significativa nas taxas de sobrevida de molares 
decíduos após 3,5 anos, de crianças de 6 e 7 anos tratados segundo os 
protocolos CRT, ART e UCT (Capítulo 2). 
2. Molares decíduos com cavidades ou restaurações que envolviam múltiplas 
superfícies sobreviveram menos do que aquelas que envolviam superfície 
única (Capítulo 2). 
3. Os três protocolos de tratamento CRT, ART e UCT conduziram a padrões 
de esfoliação semelhantes de todos os molares decíduos após 3,5 anos 
(Capítulo 3). 
4. A proporção de dentes que receberam tratamento para cavidade com 
envolvimento de múltiplas superfícies foi maior do que para os dentes que 
receberam tratamento para uma cavidade de superfície única nos três grupos 
de tratamento (Capítulo 3). 
5. A qualidade de vida relacionada à saúde bucal das crianças tratadas 
através do protocolo UCT não foi significativamente diferente da das crianças 
tratadas através de protocolos ART e CRT após 3 anos (Capítulo 4). 
6. A percepção dos pais / cuidadores e das crianças da qualidade de vida da 
saúde bucal das crianças diferiu significativamente após três anos. (Capítulo 
4). 
7. Não houve diferença na ocorrência de micro-lacunas e microinfiltrações na 
interface dente-restauração em molares decíduos restaurados com cimento 
de ionômero de vidro de alta viscosidade e com amálgama (Capítulo 5). 
8. A microinfiltração foi mais severa em restaurações de múltipla superfície 
do que em restaurações de superfície única para restaurações de ART com 
restaurações de ionômero de vidro de alta viscosidade e CRT com amálgama 
(Capítulo 5). 
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9. A densidade mineral da dentina sob restaurações de ionômero de vidro de 
alta viscosidade do grupo ART é significativamente maior do que nas 
cavidades / restaurações submetidas ao protocolo UCT (Capítulo 6). 
10. As lesões de cárie com cavidades abertas em dentina, tratadas de acordo 
com o protocolo UCT, apresentaram maior valor de densidade mineral 
dentinária debaixo da cavidade em relação às lesões de cárie com cavidades 
abertas em dentina não tratadas (Capítulo 6). 
 
Recomendações 
 
As seguintes recomendações são feitas para a prática e para futuras 
pesquisas. 
1. A investigação futura em odontologia deve explorar mais frequentemente o 
uso de molares decíduos como um substrato. A temporalidade desses dentes 
pode oferecer uma possibilidade única para avaliar a influência do ambiente 
oral sobre o desempenho de materiais dentários e pode permitir a avaliação 
das interações dos tecidos dentários e seu comportamento biológico. 
2. O micro-CT é um método recentemente desenvolvido e ainda é 
subutilizado na pesquisa odontológica. Como seu potencial de uso é vasto, 
os pesquisadores devem considerar esta ferramenta com mais freqüência. 
No presente estudo, a combinação de micro-CT com padrões de 
hidroxiapatita permitiu a quantificação da densidade mineral da dentina. O 
procedimento é fácil de usar e reproduzível, o que aumenta a chance de que 
essa combinação se torne o futuro padrão. 
3. A avaliação da qualidade de vida relacionada à saúde bucal de crianças 
pequenas deve ser realizada não apenas pelos pais, mas também, se 
possível, pelas próprias crianças. As percepções de ambos podem não ser 
sempre as mesmas. A combinação, portanto, pode fornecer uma 
compreensão mais confiável do impacto de tratamentos e materiais sobre o 
bem-estar bucal da criança. 
4. O conhecimento da patogênese da cárie dentária, adquirida ao longo de 
mais de um século, possibilitou uma nova maneira de pensar sobre como 
lidar com lesões de cárie. Procedimentos minimamente invasivos e o reforço 
de bons comportamentos orais, como a remoção regular do biofilme e o 
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controle da dieta, foram considerados essenciais. Este novo paradigma, 
representado nesta tese pelo protocolo UCT, produziu resultados 
promissores. Isso sugere que o protocolo UCT deve ser divulgado não 
apenas em áreas carentes onde o acesso aos cuidados de saúde bucal está 
ausente ou mínimo, mas também em práticas privadas. O protocolo permite 
uma abordagem holística de prestação de cuidados bucais aos pacientes, 
mas com procedimentos menos invasivos que são tão eficazes como os 
tratamentos convencionais geralmente utilizados. 
5. Para apoiar a implementação e divulgação do protocolo UCT, devem ser 
realizados estudos para investigar não apenas o seu efeito sobre diferentes 
populações e culturas, mas também sobre os mecanismos bioquímicos que 
desencadeia, o seu efeito sobre o padrão de erupção dos dentes 
permanentes e a que idade devem ser implementado. 
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